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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
SPECIFICATION

MODE SELECT BEACON SYSTEM SENSOR

l. SCOPE

1.1 Scope.- This specification coatains the requirements for the design,
fabrication, quality assurance, and preparation for delivery of a Mode Select
(Mode S) Beacon System Seasor. This sensor singly and in cooperation with
other sensors, will provide surveillance of ATCKBS= and Mode S~equipped
aircraft and two-way digital cormunications with aircraft equipped with Mode S
transponders. Surveillance data and data-link services will be provided via
suitable land links to the NAS Terminal and Bn Route comntrol and display
facilities, and to flight services automation systems.

1.2 Classification.- Three types of Mode S sensors of varying capacity and
configuracion are covered by this specification.

l.2.1 Type.- Mode S sensors differing in these basic characteristics are
covered by this specificaction:

Type 1 -~ Terminal sensor.~ This type includes provisions for
interfacing with an airport surveillance radar (ASR)
antenna having a single face, a five channel (3 beacon,
2 radar) rotary joint, and an RF feed suitable for
beacon interrogation and reception. Scftware for this
type of Mode S5 sensor is capable of managiang beacon
incerrogations and replies frouw a single antenna face.
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Type IIA - Single face em route gensor.-~ This type includes
provisions for interfacing with air route surveillance
radar (ARSR) antenna having a single face, a rotary
joint with 3 beacon plus radar channels, and an RF feed
suitable for beacon interrogacion and reception.
Software for this type of Mode S sensor is capable of
managing beacon interrogations and replies from a
single antenna face.

Type IIB - Back-to=-back en route seasor.- This type includes
provisions for interfacing wich an air route
surveillance radar (ARSR) antenna having back=-to-back
beacon anteana faces (requiring 6 beacon  plus radar
channels in the rotary joint), and computer subsystem
controlled switching between two oppositely pointing
beacon antenna faces. Software for this type of Mode S
is capable of handling beacon interrogations and
replies from the two back-to=back beacon antenna
faces.

Type IIIA - Single face en route joint use senscr.- This type
includes provisions for interfacing with an air toute
surveillance radar antenna having a single face beacon
antenna (requiring 3 beacon plus radar channels) shared
by the FAA and the Air Defense Command (ADCOM).
Software for this sensor type is capable of handling
beacon incerrogations and replies from a single antenna
face. ‘

Type IIIB - Back=-to—-back en route joiat use sensor.- This type
includes provisions for interfacing with an air route
surveillance radar antenna having back=—to—-back beacon
antenna faces shared by the FAA and the Air Defense
Command (ADCOM). Further, this sensor type 1is capable
of ctransmitting Mode 4 interrogacions from its front
face wvhile Mode S incerrogations are being transmitted
from the rear face (requiring 6 beacon plus rvadar
channels in che rotary joint). Software for this sensor
type 1is capable of handling beacon interrogations and
replies from the oppositely pointing antenna faces, and
swicching between mode types upon coumand.

l.2.2 Capacity.=- The traffic handling capacity of a Mode S sensor of any
type shall be denoted Class I, Class LI, or Class III as specified in 3.3.2.5.
The sensor class shall be as specified in the contract schedule.
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1.2.3 Auxiliary equipment.- A Mode S sensor shall be able to operate in
conjunction with auxiliary equipment as listed below. Requirements for each
equipment and its interface with the Mode S sensor are specified in appendices
and subsections of this specification. The number of each of these equipment
items to be furnished shall be as specified in the contract schedule:

Auxiliary Equipment chuirenen:
(a) Performance monitor display 3.4.10.4
(b) Programming or Mode S support facility Appendix II
(e) Back-to—back antenna Appendix III
(d) Terminal radar systems Appendix IV
(e) Joint-use sites Appendix V
(£) Video reconstitutor and surveillance data Appendix VI

selector

(g) Beacon decoder Appendix VI-A
(h) Video delay unit Appendix VII

(1) Calibration and performance monitor equipment Appendix VIII
(j) Alircraft reply and interference eanvironment Appendix IX
simulator

This space intentionally unused.
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2. APPLICABLE DOCUMENTS

2.1 Applicable documents.- The following specifications and standards, of the
1ssues specified in the request for proposal, form a part of this specification.
This specification shall have precedence over all specifications, standards,
documents, etc., listed or referenced herein, in the event of conflict.

2.2 TFAA documents.

2.2.1 FAA standards.-

FAA-STD=-002 Engineering Drawings
FAA-STD=-005 Preparation of Specifications
FAA-STD=007 Program Evaluation Review Techanique

(PERT) Procedures for Contract Use
FAA-STD-010 Graphic Symbols for Digital Logic Equipment
FAA-STD-016 Quality Control System Requirements
FAA-STD-018 éoftware Quality Assurance Standards
FAA-STD=-019 . ., Lightning Protection, Grounding, Bonding

and Shielding Requirements for Facilities

FAA-STD=-020 Transient Protection, Grounding, Bonding
and Shielding Requirements for Equipment

FAA-STD~021 Configuration Management

2.2.2 FAA specifications.-

FAA-C-1217 Electrical Work, Interior

PAA-D-2494 Technical Instruction Book Manuscript:
Electronic, Electrical, and Mechanical
Equipment, Requirements for Preparation of
Manuscript and Production of Books

FAA-E=-2217 Digital Data Communications System

FAA-E-2660 ATCRBS Open Array Antenna (5 ft.)

FAA-E-2679 Common Digitizer-2 (CD=2)
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FAA-E-2698 Maintanance Processor Subsystem
PAA=E=2704 Airport Surveillance Radar (ASR-9),
Appendix III, MTYD/Mode S Interface
FAA~G-1210 Provisioning Technical Documentation
PAA=-G-1375 Svare Parts~Peculiar for Electronic,

Electrical, and Mechanical Equipment

PAA=G=-2100 Electronic Bquipment, General
. Requirements
PAA-ER=240-35a Antenna Group, Enroute DABS/ATCRBS, Array

PAA=-ER=240-35b Antenna Group, BEnroute Beacon, Array
2.2.3 Other FAA documents.-
FPAA-RD=76=219 DABS Monopulse Summary

FAA=RD=78-96 The Aircraft Reply and Interfarence
Environment Simulator (ARIES)

FAA-RD=-80-14 DABS/ATC Facility Surveillance and
Communication Message Formats

PAA-RD-81-39 A Los Angeles Basin 1100 Aircraft Traffic
Model ’

DOT/PAA/RD=82/37 Generation of the Mode Select Sensor
Coverage Map

DOT/FAA/PM-83/8 Mode S Punctional Description

DOT/PAA/RD-82/58 Mode S Installation and Siting Criteria

DOT/PAA/PM=83/37 Department of Transportation, Federal

Aviation Administration Software
Acquisition Documentation Requirements for
MODE Select Beacon System (Mode S) Sensor.

PAA Order 1010.S1A U.S. National Standard for the IPP Mark X
(SIF) Air Traffiec Control Radar Beacon
System (ATCRBS) Characteristics

FAA Order 1320.33 Equipment Modification and Facility
Instruction Directives
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PAA Order AF 6000.10 Airways Facilities Service Maintenance
Program

PAA Order 6032.1 Modification to Ground Pacilities, Systems,
and Pguipment in the Natiocnal Airspace
Systea

PAA Order 6§365.1A U. S. National Standard for the Mode Select

Beacon System

FAA Order 6950.19 Practices and Procedures for Lightning
Protection, Grounding, Bonding and
Shielding Implementation

NAS=MD=720 . Interface Control Document for The Remote
Maintenance Monitoring System (RMMS)
(Level I ICD)

NAS=MD=-791 Guidelines for the Development of lLevel II
: Interface Control Documents for Remote
Maintenance Monitoring System (RMMS)

NAS=MD=7 2 Operational Requirements for the Remote
Maintenance Monitoring System (RMMS)

PAA Drawing No. D=6048-1 ASR-4,~-5,-6 Prefabricated Metal Building
Typical Site Construction

2.3 Other documentS.-

MI l~-HADBK=-217 meliability Prediction of Electronic
Equipment

MIL-HDBK=472 Maintainapility Prediction



DOD~-STD-100

MIL~-STD=27%
MIL~STD=&4
MIL~STD=461
MIL=-STD-462
MIL~STD~470
MIL=STD=471

MIL-STD-490
MIL-STD-756
MIL-STD-781

MIL-STD-78S
MIL-STD-881
MIL-STD=883

MIL-STD=~965

MIL=STD=1472

MIL-STD=-1521

DOD=-D=-1000

MIL-D-5480

MIL-E=-7S

FAA-E-2716 & AMEND.=-2
SPECIFICATION CHANGE-S
-7-
Engineering Drawing Practices
Printed Wiring for Electronic Equipment
Standard General Requirements for

Electronic Bguipment

Electromagnetic Interference
Characteristics Requirements for BEquipment

Electromagnetic Interference
Characteristics, Measurement of

Maintainability Program Requirements for
Systems and BEquipment

Mainﬁainability Verification Demonstration
and Evaluation )

Specification Practices
Reliability Prediction
Reliability Tests, Exponential Distributien

Reliability Programs for Systems and
Equipment Development and Production

Work Breakdown Structures for Defense
Material Items :

Test Methods and Procedures for
Microelectronics

Parts Control Program

Human Engineering Design Criteria for
Military Systems, Equipment and FPacilities
Technical Reviews and Audits for Systems,
Bquipment, and Computer Programs

Drawing, Engineering and Associated Lists

Data, Engineering and Technical,
Reproduction Requirements for

Electron Tubes, Preparation for Delivery of
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 MIL-E-17SSS

MIL-M=9868

MIL-M=-38S10
ANST X3.4

ANSI X3.28

ANSI X3.64

ANSI X3.66
ANST Yl.l

ANSI Y32.14

DI-A-5239
DI-E-3102

DI-2-3103

DI-E=30132

0I-T=3701
DI-T=3714

DI-T-3718

ZIA RS=-232

-7a=-
Electronic and Electrical Equipment

Accessories and Repair Parts, Packaging
and Packing of

Microfilms of Pngineering Drawings, 35 MM,
Requirements for

Microcircuits, General Specification for
Code for Information Interchange

American National Standard, Procedures for
the Use of the Communication Control
Characters of American National Standard
Code for Information Interchange in
Specified Data Communication Links
Additional Controls for use with American
Natiocnal Standacd Code for Information
Intercharge .

National Standard for Advanced Data
Communication Contral Procedures (ADCCP)

Abbreviations for use on.Drawings and in
Taxt

Graphic Symbols for Logic Diagrams
(Two=State Devices)

Coder=-Decoder Group, AN/GPA-124
Management Plan
Configuration Item Development Specification

Configuration Item Product Pabrication
Specification

Critical Item Product Pabrication
Specification

System Test Plan

Acceptance Test Procedures

Test Reports =-- General

Taterface Between Data Terminal Esuipment

and Data Communication Equipment Bmploying
Serial Binary Data Interchange
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EIA-STD=-RS-ABC General Purpose 25 Position Interface for
Data Terminal Equiprment and Data Circuit
- Terninating Equipment Employing Serial
Binary Data Interchange, Draft dated
~ March 1985.

FED-STD=595 - Colors
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FIPS PUB 3 necorded Magnetic Tape for Information
Ixchange (800 CPI, NRZI)

FIPS PUB 17 Character Structure and Character
Parity Sense for Serial-By-Bit Data
Communication in the Code for
Information Interchange

FIPS PUB 25 Recorded Magnetic Tape for Information

Exchange (1600 CPI, phase encoded)
NFPA=-70 National Electrical Code
NFPA-78 Lightning Protection Code, ANSI cS5.1
TR=75=22 Rome Air Development Center (RADC)

Technical Report, Non=Electrical
Reliability Notebook

2.4 Interface Control Documents.

ASR=9 Cal Processor to Mode S Sensor
Mode S Sensor to ASR-9 Surveillance Procéssor

Mode S Sensor/ATCRBS to ASR-9 Surveillance Processor Beacon
Target Detector

2.5 Availabilicy of documents.- Copies of this specification and octher

applicable FAA specifications, standards and drawings may be obtained from the

Contracting Officer in the Federal Aviation Administration Office issuing the
{avitation for bids or raquest for proposals. Requests should fully identify
material desired, i.e., specification, standard, amendment, and drawing numbers
and dates. Requests should cite the invitatiom for bids, request for proposals,
or the contract involved or other use to be made of the requested material.

Single copies of Military specifications and standards may be obtained from
Federal Aviation Administration, Washingtoa, D.C. 20591, ATTN: Contracting
Officer. Requasts should cite the iavitation for bids, request for proposals, or
contract for which the material i{s needed. Mail requests, 1f found acceptable,
will be forwarded to a Military supply depot for filling; hence, azsple time
should be allowed.

Copies of the Federal Information Processing Standards Publications are for sale
by the Superintendent of Documents, U.S. Government Printing Office, Washington,
D.C. 20442. :

Copies of the Natiomal Electrical Code may be obcained from the National Fire
Protection Association, 470 Atlantic Avenue, Boston, Mass. 02201.

4



FAA-E-2716 -9-

3. REQUIREMENTS

This specificacion covers a set of equipment including hardware and software
which when taken together constitute a Mode S sensor. In addition to
supplying the sensor hardware and software, the contractor shall, as specified
herein provide appropriate documentation for the seusor.

Software provided in response to this requirement shall be wmodular and
flexible. Changes ¢to sensor algorithms shall be possible without severe

impact on the remainder of the sensor software.

Validity checking or error correction and detection procedures shall be as
specified herein. In addition, the contractor shall incorporate such other
validity checking procedures in the computer programs which are in accordance
with good programming practice.

3.1 Equipment and services to belfurnished.

3.1.1 Contractor furnished.- The contractor shall provide all necessary
manpower, services, and materials to design, fabricate, assemble, test,
deliver and install the sensor hardware and associated software as specified
herein. Also, the contractor shall interconnect, test, and demonstrate the
ability of the system, the subsystems, and all other equipment furnished, to
meet specified performance requirements. Any festure or item necessary for
proper operation of the system as specified herein, shall be incorporated even
though that item may not be specifically described herein. The Mode S seasor
shall be provided in the quantities and at the times specified by the
contract. Where required by the countract, the work to be performed shall
include any wmodifications and checkout of existing Government Furnished
Equipment (GFE) as a part of the overall contractor system checkout effort.
In addition, the contractor shall provide all necsssary services and material
to prepare, reproduce and provide rsports, computer programs aud documentation
as specified herein,

All equipment and services shall be deliverad to the locations specified by
the Government. All facilicies, parts and  hardware, including
system/subsysten grounding plates, receptacles, counectors, cabling wiring,
adapters, and outlets, except GFE specified in 3.1.2, shall be provided to
enable the components of each system to be assembled and interconnected as
required by this specificatioa. The major itews of equipment and services to
be furnished are:

(a) A dual channel Mode S sensor. Each channel shall consist of an
interrogation subsystea, a coaputer subsystem, and all necegsary
communications and tnterfaces between parts of the Mode § sensor, and
between the Mode S sensor and external facilities and equipment as
specified herein and called out in the contract.
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(b)
(e)

(d)
(e)

€3
()
(h)
(1)

(1)

16 : -10=

Any sigulatocrs, monitoring, checkout, and calibracion equipment which
may be specified herein and called out in the contract.

Programming support facilities as specified herein and called out {(n
the contract.

Functional and support software.

A module and system quality assurance program for both hardware and
sofcware (4.0).

A system reliability and maintainability program (3.9).
Documentation as specified in 3.13.
Special tools and test equipment.

Spare parts, subassemblies and/pr units as mutually agreed to betweea
the contractor and the Government.

Modifications to azimuth pulse generators, as required in the contract
schedule.

3.1.2 Governnent furnished.-— The Governuent will provide and/or install the

following hardware and services:

(a)

(b)

(e)

(d)

3.2 Not

Data required by the contractor for each site-to develop appropriace
systen and site adaptation parameters, and Co prepare coverage map
information in the form required by the sensor.

All modems, communication lines, and/or networks required by the
Mode S sensor for communication with external facilities and ocher
Mode S sensors.

ATC computer hardvare and software in accordance with the ICDs.

Any special simulators, monicoring, test equipment, test Ctapes, and
test aircraft scenarios not supplied by the coacractor (3.1.1(b))
which are deemed necessary for successful completion of cthe project
and proper operation of the sensor as mutually agreed to between the
contractor and the Government. :

Used.
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3.3 Sensor requirements.

3.3.1 ATC glta'cmgtibiutz.- The Mode S sensor is the basic ground element
of the Mode S surveillance asnd communication system. It sust be compatible with
other elements of Mode S (e.g., sntennas and transponders) snd with elements of
the overall ATC system (e¢.g., NAS Terminal asnd Ea Route). To ensure this
compatibility, interfaces to these and other equipments shall utilize the signal
and oessage formsts specified in the Mode S Nationsl Standard and in the
appropriacte Mode § interface control docusent (ICD).

3.3.2 Performance requirements.

3.3.2.1 Surveillance.- The Mode S sensor shall perform surveillsnce of all
beacon~equipped aircraft within its volume of coverage. Noainal maximum
operational range shall be 255 omi, site adaptable to appropriate shorter
ranges. ATCRBS-equipped aircraft shall be incerrogated by means of cthe
ATCRBS/Mode S All-Call, ATCRBS-Only or ATCRBS interrogation at a rvate that
produces a fixed number of interrogations io a 3 dB besswidch. This number
shall be adjustable during site adaptation, from s cominal value of 4 to a
saximum number of 6, except that the maximum interrogation rats shall not exceed
150 interrogations per second. Mode S-equipped aircraft shall be acguired by
means of an ATCRBS/Mode S All-Call interrogation, a Mode § Ouly All-Call
interrogation, or by means of ground-to—ground handover. After acquisition, Mode
S-equipped aircraft shall be interrogated with a unique address call. Por both
ATCRBS and Mode S, azimuth shall be determined by a momopulse techmiqus. When
the Mode S sensor is collocated with a primary radar, the Mode S sensor shall
accept the digitized radar target declarations and correlate them with beacon
(ATCRBS and Mode S ) dats, prior to sending the surveillance data to NAS
Termipal and En Route. In addition, Mode S shall perform radar only scar—to-scan
surveillance procsssing when interfaced to a Moving Target Detector (MID) or
Sensor Receiver and Processor (SRAP) (see Appendices).

3.3.2.2 Dats link.~ The Mode S sensor shall also provide a two-way digital data™
1ink for all Mode S-equipped aircraft. Messages originating on the ground,
from NAS Terminal, En Route and nou~ATC sources, shall be sent to the aircraft,
and appropriate acknowledgment received and ralayed to the sender. The Mode S
sensor shall also manage the data link so that any time an aircraft wishes to
initiate sz sir-to-ground wmessage, that wessage will be read out with minimum
delay. All oessage types are specified in the Mode S National Standard.

3.3.2.3 Continuity.- In performing its basic surveillance and communication
functions, the Mode S sensor shall participate with adjacent sensors to provide
a continuity of service as aircraft sove from one coverage area to another.
Continuity of service shall also be provided by the network of senscors in the
event of certain prescribed failures, up to the limit of the combined
field=of=view of the sensors remaining sctive after a failurs.

3.3.2.4 Not Used.

A2450/mab3/611/03
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3.3.2.5 Capacity.~ Each Class I sensor shall be designed to handle (to
provide surveillance of all aircraft and data link services to Mode S
airecraft) a total of 250 aircraft, each Class II sensor to handle a total of
400 aircraft, and each Class III sensor to handle a total 700 airerafc. Each
aircraft population (250, 400, 700) shall be understood to contain any mix of
Mode S, ATCRBS, and primary radar targets. Each sensor shall also handle the
additional nom-aircraft target reports as received from a primary radar
interface (3.5.2). The design shall be capable of being altered simply (by the
addition or removal of computer hardware and sof tware modules) in order to
accommodate 250, 400, or 700 aircraft. The capacity requirements stated shall
be achieved when six ATCRBS/All-Call intervals are provided within the
A/S = =2 to +2 antenna beamwidth (equivalent to four intervals within 3 dB
antenna beamwidth), and the sensor antenna is rotating at a maximum of 12.5
RPM. Target overload conditions shall be handled in an orderly manner (e.g.,
reduction of range within which targets are processed).

3.3.2.5.1 Ta:gggrbunch;gg.- The targets will not necessarily be distributed
uniformly in azimuth or range. Some areas of airspace may contain more
targets than other areas. The sensors shall be designed to handle any mix of
targets in the cases of azimuthal bunching shown below when subjected to the
fruit environment stated in 4.3.3.5.2.5:

Case I:
90° Quadrant Bunching - 250 targets within a 90° quadrant
11.25° Sector Bunching - SO targets within each 11.25° sector
for up to four consecutive sectors.
2.4° Wedge Bunching - 12 targets within a 2.49 wedge for up to
two consecutive wedges.

Case Il

90° Quadrant Bunching --- 250 targets within a 90° quadrant

11.25% Sector Bunching ==- 50 targets within each 11.25° sector
for up to four consecutive sectors.

2.4° Wedge Bunching —— 32 targets within a 2.4° wedge.

These requirements shall be met simultaneously (all target bunching within one
scan) for a uniform range distribution of targets within 50 nmi from the
sensor using the nominal antenna beamwidth of 2.4 degrees and a nominal scan
rate of 12.5 RPM. The ATCRBS listening window to be used in demomstrating this
requirement shall be not less than 2 ms. The above bunching may occur
consecutively (limited to sensor capacity) and simultaneously (e.g., peak
wedge within a peak sector).

3.3.2.5.2 Data link peaking.~ Each sensor shall be designed to provide full
data channel utilizatiom (ground-air-ground) under any data link scenario
realizable within the channel time-line. Demonstration of efficient data
channel utilization by each sensor shall be accomplished by simultaneously
satisfying (within one scan) the following cases of data link peaking for the
target distributions specified in 3.3.2.5.l. “Interrogation”, as used in the
following paragraphs, 1is defined as an interrogation of an aircraft by the
sensor and the inclusion of the corresponding reply window on the channel
time-line. An all-Mode S target mix is assumed except where noted. The
capacity requirements specified shall be achieved when six ATCRBS/All=-Call
iatervals are provided within theA/Z= -2 to +2 antenna beamwidth (equivalent
ro four -intervals within the 3 dB antenna beamwidth). These requirements
are sunmarized in [able 3.3.2.5-1.

AALEA WY IRT Y NG
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TABLE 3.3.2.5-1 CAPACITY REQUIREMENTS

(a) Surveillance capaéity for each scan (any mix of Mode S and ATCRBS

targets):
Sensor | Total Target Bunching
Class Surveillance 90° 11.25° 2.49
I 250 250 50 32
II 400 250 50 32
111 700 250 50 32

(b) Message storage capacity:

Sensor Nominal Uplink | Maximum Uplink Downlink
Class Message Storage | Message Storage Message Storage
I 1800 4800 400
1 . 2800 4800 600
111 2800' 4800 1100

(c) Mode S Data link capacity:
Case I:

Zach ELM below is a 16-Segment ELM. The final Comm—C/Comm=D transactions
for the ELM"s, in the 2.4° wedges, are included in the count of Comm~A/
Comm—B transactions specified for the wedges. The 2.4° wedge loading shall
occur for two consecutive 2.4° wedges. The 11.25° sector loading shall
occur for four consecutive 11.25° sectors. The targets traunsmitting N
Comm~8"8 i{nclude air-initiated Comm=B“s as follows: (1); 5 in each of the
2.49 wedges, (2); 8 in each of the 11.25° sectors, (3); 32 in the 90°
quadrant. The air-initiated Comm-B“s shall be no more than one message per
aircraft, uniformly disctributed in range over the set of aircraft, speci-
fied above, in part (a) of this table.

Type Number | Targets Targets Targets Targets
of of Receiving Transmitting | Receiving | Transmitting
deaking Mode S | N Comm-A"s N Comm=-B”s Uplink Downlink
(per scan) Targets | Where N = Where N = ELM”s ELM s
1 2 4 8 1 2 3 4

2.49 Wedge 12 4 0 5 3 3 2 11 1 0
11.25° Sector 50 24 0 20 6 8 & 2 2 8 3
300 Quadrant| 250 140 0 85 25 3216 8 8 40 15

A24650/mab3/611/05-1
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TABLE 3.3.2.S-1 CAPACITY REQUIREMENTS

Case 1I

Each ELM below is a 16-Segwent ELM. The 2.4° wvedge loading shall occur cnze.
The 11.25°0 sectorl sector loading shall occur omce and contains the 2,49 uedge
when the sector and wedge overlap. The 11.259 gector2 loading shall occur ifer
three consecutive 11.250 sectors and shall be adjacent to the sectorl sz:tor.
The targets transmitting N Comm—B~s include air~initiated Comm—-B"s as foll.ows:
(1); 5 in the 2.4° wedge, (2); 8 in each of the 11.25° gectors, (3); 32 t- the
90° quadrant. The air-initiated Comm—B"s shall be o more than one messags per
aircraft, uniformly distributed in Tange over the set of aircraft, spec.fied
above, in part (a) of this table.

Type Number Targets | Targets Targets Targets
of of Receiving Transeitting | Receiving | Transmicting
Peaking | Mode § |N CommA”s N CoumB8”s Uplink Dowmlink
{per scan) Targets | Where N = Where N = ELM”S ELM"s
1 2 4 8 1 2 3 4
2.49 Wedge 32 032 0 0| 14 0 0 0 [O 0
11.25° Sectorl 50 03210 6} 18 1 2 1 }8 3
11.25° Sector2 50 26 020 6 8 4 2 2 8 L 3
90° Quadrant 250 116 32 75 25| 42 13 8 7 40 15

3.3.2.5.2.1 Data link quadrant gcaking.-'iach sensor shall be able to handle
the cdata link wmessage capacity specified in table 3.3.2.5-1 for the 90°
quadrant peaking. The sensor shall handle this loading each scan. The sensor
shall handle all the cases shown in table 3.3.2.5-1l.

3.3.2.5.2.2 Data link sector pesking.- Each sensor shall be able to hardle
the data link message capacity specified in table 3.3,2.5-1 for the 11.25°
sector pesking. The sensor shall handle this loading each scan. The sensor
shall handle all the cases shown in table 3.3.2.5-1l.

3.3.2.5.2.3 D‘t‘

1ink wedge peaking.- Each sensor shall be able to handle
asssage capacity specified in table 3.3.2.5-1 for the 2.4°
vedge peaking. The sensor shall handle this loading each scan. The secsor
shall handle all the cases shown in table 3.3.2.5-l.

A2450/mab3/611/05
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3.3.2.5.3 Data link message storage.- Each sensor shall have a nominal
uplink message (Comm=A or Comm=C segment) - storage capacity of 1800 messages

for the 250 sircraft capacity sensor, and 2800 messages for the 400 and 700
aireraft capacity sensors. This message storage capacity shall be easily
. expandable to a limit of 4800 messages. In additiom, each sensor shall have a
downlink message (Coma=3 or Coam-D segment) storage capacity of 400 aessages
for the 250 aircraft capacity sensor, 600 for the 400 aircraft capacity
sensor, and 1100 for the 700 aircraft capacity sensor. These requirements are
sumzarized in Table 3.3.2.5-1b,

3.3.2.5.4 Transfer of remote data.- Under any load condition, each sensor
shall be capable of providing remote sensor dataz on 152 of the tracks ia the
sensor's track file to two adjacent sensors. (Compiete track file will be
transaitted within 7 scans). Under any load condition the sensors shall Dbe
able to receive remote sensor data on 152 of the tracks in the sensor's track
file from two adjacent sensors. (Complete track file will be received within
7 scans.) ‘

3.3.2.6 Data delays.- The following data delay requirements are to be met
for all capacity conditions specified in 3.3.2.S.

3.3.2.6.1 Surveillance data.- In general, all surveillance data shall be
processed and available for transmission from the seasor to the ATC facilities
(both correlating and noncorrelating wusers) no later than 3/32 of a scan
period, nor sooner than 5/64 of a scan period, after their acquisitiom by the
sensor. Bowever, targets vhose processing time exceeds the 3/32=scan limit in
order to meet the corralation rules of (3.4.6.4.8, =-.9, or =.10) shall be
subject to the disseminatiorn rules specified in 3.4.6.14.1.3. ©Bach

surveillance report shall be time-tagged so that accurate tracking and timing
can be accomplished at the ATC facilities. ’ )

3.3.2.6.2 Communication messages.~ All uplink nﬁsages shall be delayed no
more than 1/16 of a scan pcriﬁ from time of receipt until they are processed
and available for delivery to the aircrafe. All dowmlink communication

messages shall be delayed no more than 1/16 of a scan period from the time the
message is received until it i{s available for transaission from the sensor.

3.3.2.7 General accuracy requiremsnts.- The range and azimuth accuracy
requirements specified herein apply to the combined antenna and seasor
subsysten, Compliance shall be demonstrated using the general test methods
described in section 4.0 of this document using stationary, controlled tast
transponders, and live aircraft. '

Independent software offset adjustments for the mean position error (bias)
values for both range and azimuth shall be provided. The mean position error
values measured using either Mode S or ATCRBS reports shall be adjustable such
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that the mesan errors £or either report type may bse oulled €0 less than one
range or azimuch unit. Oparationally compatible calibration procadures,
employing these capabilities, shall be daveloped and used as part of the

accuracy tasts.

Demonstration of the seunsor and anteana accuracy requiremencs shall be
accomplished using a governmant furnished five-foot open array aatenna as
described in PAA-E=-2660 and FAA-ER-240-35a. Ths sensor hardware and software
paramscers which affect accuracy {a.g., . ATCRBS PRF) shall be set to the
nominal valuss specifiad herein for the conduct of thess tastcs.

These accuracy requirsments shall be demonstrated using both the Terminal
(Typs I) and En routs (Type II or II1) configuracions. However, for the
back-to-back en route configurations, specification compliance shall be
demonstrated ssparatsly for each of the satenna facss. The bilas differeace
becween the two facss shall be lass than one azimuch unit.

3.3.2.8 Accuracy values.- Under the tast conditions specified {n section 4.0
of this document the following accuracy values shall be deamonstracad. Theses
requirenencs apply for received power levels ac leasc 10 dB greater than
Minimum Thrashold Level (MTL) es defined in 3.4.3.2.1, and £or transpoundsrs
aseting the charactaristics specified in the Mode S National Standard.

3.3.2.8.1 Range accuracy.~ The sensor—caly rTaange errors, msasured usizg
eithar Mode S or AICRSS reports, shall not excsed t 30 feet bias (including
long term drift) and 25 feet rms jitter foc either Mode S or AICRBS raports.

3.3.2.8.2 Azimuth accuracy.- The long tsra combined sensor plus antenna
azimath accuracy, using the government furnished five—=fooC open array antsuna,
msasured separataly for Mode $ reports, and for ATZRBS veports, shall oot
exceed the following valuas for the indicated antenna elevation angles:

Bias (Elevation angles < 2°): withia 2 0.033° (exclusive of antenna
wind loading but includiag loag tarm drift).
Jitter (Elesvation angles < 20°): lese than 0.060°, lo.

Or the equivalent IMS error of 0.068°, la.

In addition to the low elevation (< 2°) requiremants statad above, the azimuth
bias coampounent as msasured using Mode $ rsports oaly, will be permitted to
change as a function of the elevacion angle due to the GFE antanna bean
widening. (The bias componant change {3 defined as the differencs between cthe
azimuth bias coaponent messured a¢ elevation angles less chan 2° and the bias
componenr values measured at higher elevation angles.) The sansor and aatenna
reported azimuth bias coapoaent change shall not exceed the change
accributable to the anteana oaly. The allovable limits will be escablished by
thse government from messured aateana-only data. The antenna requirements
pertinent to elevation {nduced errors are defined in FAA-E-2660, paragraph
3.3.1.2.3 and in PAA‘Q‘Z‘O-JSI. paragraph J.3.1.8.



.2.2.9 RF link reliabilicy.- High RF link reliabilicy boch for surveillance ard fo-
cwo-way data link snall be achieved in part by means of two design features Zac-
sensor shall be capable of reinterrogation within a beam dwell Cime, such zma- -
case of failure o reach an airecrafc on a single call, multiple additional ca.ls can
be made before the antenna beam passes by the aircrafc. The sensor shall be dasiznac
to handle the average reinterrogation rate of 10 percent, which is included in =ne
capacicy requirements. In addition. each sensor shall be capable of working in 3

prescribed manmer with adjacent sensors, which have a common coverage volume. =5
provide multiple surveillance and data-link coverage.

3.3.2.10 Sensor reliabili=s - The sensor shall be designed for high r liabilizr anc
minimum maintenance. The design requirement is for prevencive maintenance no mors
frequently than once every 91 days, with incidence of system failure averaging no
more than once in 20,000 hours.

£ e.- The sensor shall achieve che
following reply probability of detection (Pp) and reply probability of false alawmm
(Ppa) performance under the conditions specified:

MODE S ATCRBS CONDITION

Py >0.99

w

0.99 Received reply power > -76 dBm
referenced to the sensor rf pors !
in the absence of signal (RF)

incerference.

10-6

A

10-6 In any one second interval with
no signal (RF) interference.

n

Pra

In addition, the sensor shall demonstrate the overall decection and false alam
performance specified in 4.3.3.5.5 when operating in a conctreolled, simulaced
environment.

THIS SPACE INTENTIONALLY BLANK.
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333 1 amrennas.- Each Mode S sensor shall be designed o interface and opera:ze
with minimal adiustmenc with several antennas. The nominal antemnas tor operatioral
use are specified in 3.5.1. (Each has sum, difference, and omni channels, :Ior

monopulse angle determination and sidelobe suppression.) Rotation ractes from 5 o 13
rem (ineclusive) shall be accommodaced. Nominal 3 dB beamwidch shall be 2.4°.

2 Dxi z .- The Mode S sensor shall be capable of accepting digizal
surveillance data from a collocated (primary) radar for surveillance processing anc
correlation along with the beacon data. Collocaced means that both primary and beacon
antennas use the same pedestal. This data will come from a radar digizizer. The racar
carget reports, which are made available to the sensor within 3/64 of a scan., meas-
ured from the time of reported azimuth, shall be correlated with beacon reporss and
coasted tracks.

The basic Mode S sensor shall not track primary radar targets. However, Lf the con-
tract schedule requires that Appendix IV be implementad, the sensor shall perform
surveillance processing of primary radar target reports when interfaced to either an
MTD or a SRAP/RDAS.

N ilities.- The principal user interfaces to the Mode S surveillance and
data link networks are to computers located in the NAS ATC facilicies. The Mode §
sensor shall use two types of digital interface to each facility: a two-way communi-
cation and an one-way surveillance link from senmsor to ATC. 'The formats and struc-
ture required for these links are described in FAA-RD-80-14. The data rates are
specified in 3.5.3.

The sensor shall have up to six surveillance links and six communication links. This
capabilicy will serve up to 6 external facilities or systems. ATC data link services
will utilize links between the Mode § sensor and ATC facilicies. In cthe inizial
izplementation of Mode S, the only non-ATC data link service will utilize links
between the Mode S sensor and the Weather and Communications Processor (WCP) The
number of interfaces to be delivered with each sensor shall be as specified in the
contract schedule. The surveillance and communicarions links shall be compatible with
service to the NAS Terminal Automation System, the NAS En Route Automation System,
and non-ATC (commumications only).

3. 4  No=
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ity. - The sensor shall have a =uo vav,
dial-up, 4800 bi:z/second digital communications link for data transmission hesiean
the sensor and che programming support facility (PSF) or senmsor suppor: facilisy
(SSF). This communications link will be used for maintenance purposes as described in
paragraph 3.8.4,

A Suneni .+ Figure 3.3.4-1 is an overall block diagram of the senso:-.
illuscrating cthe principal funcrions and showing the interfaces to other svsters
This diagram is not binding upon =he acwtual physical arrangemenz of harcware and
sofTware except as specified in 3.7, The sensor funccions, as described im ==is
section, include the general requirements for each major function. The Sunczional
logic, <che algorithms, and cthe equations to be used =o implement cthese general
requirements are contained in 3.4,

4 .- Charmel management shall regulate the use of cthe RF
charmel by the Mode S sensor; it shall decermine the nature and timing of each event
to accomplish the required Mode § sensor surveillance and commmnication zasks. To
provide surveillance of both ATCRBS and Mode S equipped aircraft wich minima]
incterference, the RF channel shall be time sharsd between the ATCRBS-only All-Call
mode, ATCRBS/Mode S All-Call mode, ATCRBS mode, Mode S-only All-Call mode. and the #
Mode S roll-call mode. In order to provide a maximm of chamnel ctime for Mode S
activity, the nominal ATCRBS incerrogation rate per mode ( i.e, A and C) per anterma
beamwidth shall be two. The intervals of ctime devoted to roll-call activicy are
defined as Mode S periods. Mode § roll-call interrogations shall be addressed to Mode
S equipped aircraft under active surveillance (i.e., within the anrerna beam).
Charnel, time allocations for each Mode S interrogation and reply shall be based upon
a prediction of airerafc range. Charmel time shall be scheduled into time periods
during which aircrafe interrogations are made, or during which aircraft replies are
received, so that surveillance and commumnication tasks of the sensor are carried ouc
for each aircraft while ir is under active surveilldnce. Mode S surveillance and
data-link procedures bRy . require more than one interrogation to each aireraf:.
Therefore, the chammel management function shall be able co reinterrogate Mode $
equipped aircraft while in the anterma beam. Chammel managepent shall maintain an
active ctarget lisc, comprised of cthose Mode § targets that are under accive
surveillance. During a Mode § period one or more roll-call schedules shall be
pProduced as required. A schedule is a set of incerrogations and Teply cimes (i.e.,
transactions), which allow charmel] management to complete one transaction per target
<0 some or all of the targecs on the active targec lisc. The interrogations shall be
timed so that nonoverlapping blocks of charmel time are assigned to each individual
incerrogacion and reply. If insufficient time is available to schedule all targets on
the list, che time is allocated ro targecs according to preassigned transaccion
pricricy. The major charmel managemenc functions are channel concrol, transaccion
‘Preparation, target list update, roll-call scheduling, and transaccion updace.
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3.3.4.1.1 Channel control.- All activities that relate directly to the use
of the RF channel shall be scheduled and directed by the channel coatrol
function. A time-out function shall be provided to insure that the channel
does not enter a nonterminating wait due to a failure, Channel control shall
be responsible for the timely execution of all RF channel activities including
Mode S Roll-Call, ATCRBS/Mode S All-Call, ATCRBS Only All-Call, ATCR8S, and
Mode S Only All-Call interrogationms. Channel control shall perform ATCRBS/-
Mode § period scheduling such that a periodic scructure of Mode § and
ATCRBS/All-Call periods is imposed on the real-time line. The repetition
period of this structure is called the frame time, and the patterned time
interval, whose duration 4is the frame time, is called a frame. A frame
contains one or more ATCR8S/All-Call periods and one or more Mode S periods.
Each sensor shall always be cognizant of the particular frame structure in uge
at any given time. Channel control shall generate any desired mode interlace
pattern, with ATCRBS/Mode S All-Call, ATCRBS-only All-Call or ATCRBS interro-
gations. .

3.3.4.1.2 Transaction preparation.- Under channel control, the tranmsaction

preparation function shall provide a list of targets that are about to come
under active surveillance. All uplink message data and downlink message
requests shall be taken into account {n determining the number and type of
transactions to be prepared by this function. Transaction message data shall
be prepared in a manner cthat satisfies (where appropriate) the message
requirements (e.g., protocol, multisite protocol, etc.) contained in the
Mode S National Standard. The transaction preparation function under channel
control, shall provide a time-ordered list of transactions (i.e.,
interrogation reply pairings for an aircraft) for those airecraft that are
about to come wunder active surveillance. This data shall be scructured to
facilitate data retrieval.

3.3.4.1.3 Target list update.- Target list update shall operate under the
control of the channel coantrol function. The target 1list update function
shall merge the list of transactions (for new aircraft coming into the antenna
beam) as described in 3.3.4.1.2 with the 1list of transactions for aireraft
currently in the beam, and remove aircraft that are no longer under active
surveillance or those that have been completely serviced.

3.3.4.1,4 Roll=call scheduling.- This function shall operate under the
direction of channel control. The roll=-call scheduling function shall operate
on the list of aircraft on the active target 1list (3.3.4.1.3) to produce a
schedule. The schedule shall be composed of interrogation and reply periods
which fit into the available channel tinae. If chere is insufficient time to
schedule at least one transaction each for all aircraft on the active target
list, available time shall be allocated based on five levels of transaction
priority as follows:

Level | - Surveillance and high priority standard messages

Level 2 - High priority uplink extended leng:n messages (ELM's)

#
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Level 3 - Additional standard (lower priority) messages
Level 4 - Uplink ELMs
Level 5 = Downlink ElMs

Those aircraft with an unsuccessful transaction and which are still under
active surveillance, shall be rescheduled, where possible, toO complete the
unsuccessful transaction prior Cto any other transaction (for that aircrafc)
and prior to the aircraft's transition to the inactive surveillance stace;
these interrogations shall be at a higher transmitter power level (selectable
by parameter).

3.3.4,1.5 Transaction update.- Under the direction of the channel control
funccion (3.3e4.1.l) the transaction update function shall examine each
aircraft reply, and if che transaction is successful, modify that aircraft's
transaction schedule such that the next pending transaction shall be carried
out in the next schedule. 1f the transaction was not successful, it shall be
repeated in the next schedule and the subsequent pending transaction (for that
aireraft) shall be delayed to a later schedule. Transaction update shall
direct the transfer of all Mode S replies, as they become available from the
Mode § reply processor, to data link processing and surveillance processing.
Those aircraft on the active target list that have no transactions pending

shall be so labeled.

3.3.4.2 Transmitter/modulator unit.- The transmitter/modulator unit shall
accept all 3131:3I control Linputs from channel management and generate the
required RF interrogation signals. For each intecrrogation to be transmitted,
the control inputs shall specify the transmission type (3.3.4.2.1), the power
mode, -the transmission time, and for a Mode § interrogation, the contents of
the Mode S data block. The RF signal contents (coding, parity encoding, etc.)
and waveform fidelity shall be (in accordance with the Mode S and ATCRBS
National Standards. High energy switching for modulation functions shall not
be employed. The modulation circuicry shall be protected against active
transmitter device arcing, shorting or ocher modes of failure.

3.3.4.2.1 Transmission types.- The transmitter/modulation unit shall be
capable of transmitting the following interrogation types upon command from
channel countrol:

(1) ATCRBS Mode A/Mode S All-Call
(2) ATCRBS Mode C/Mode S All-Call
(3) Military Mode 2
(4) Mode S Only All Call
(5) ATCRBS Mode A Only all=Call
(6) ATCRBS Mode C Only All-Call
(7) Mode S Short Roll=-Call
(8) Mode S Long Roll-Call
(9) ATCRBS Mode A
(10) ATCR8S Mode B
(11) ATCR8S Mode C

. (1l2) ATCRBS Mode D
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3.3.4.2.2 Transmitter.- Each channel shall include two transmitters, primary
and auxiliary. The primary transmitter shall be used for all main~beanm
transmi ssions. SLS control transmissions shall be generated by the auxdliary
transmitter.

3.3,4.2.2.] Primary transmitter.- The primary transmitter shall operate in

three modes: a high-power Mode S mode, a low-power Mode S mode, and an ATCRBS
mode. Both Mode S modes shall be capable of handling all of the Mode §
interrogation types defined in the Mode S National Standard including extended
length wmessage (ELM) transmissions. ATCRBS/Mode S All=Call interrogations,
ATCRBS-only All Call interrogations, Mode S Ouly All-Call interrogations, amd
military Mode 2 and ATCRBS interrogations are transmitted at the ATCRBS power
level. All other interrogations are transmitted at either the Mode S5-high or
Mode S-low power level, the selection being determined by channel control. A
common transmitter design shall be used for Mode S Type I, II, and III sensors
(10201)'

3.3.4.2.2.2 Auxiliary transmitter.- The auxiliary transmitter shall generate

the Pg pulsa for Mode S SLS as well as the Py or P; and Py pulses for ATCRBS
SLS or improved ISLS. It shall be automatically controlled to follow the
primary trangmitter independent of interrogation type in the sense that for a
particular interrogation, the peak auxiliary power equals the peak primary
power plus a constant which i{s manually controllable over a range 4in steps.
The auxiliary transmitter shall follow this nominal performance within a
specified tolerance, The duty factor of the auxiliary transmitter shall be
consistent with the specified interrogation rates for the primary transmitter.

3.3.4.3 Multichannel receiver.- The multichannel receiver shall process the
RF signals which are input from the Mode S Sensor antenna subsystem to provide
video and two-level quantized video signals to both.the Mode S and ATCRBS
reply processors. The sensor antenna subsystem shall cousist of three
channels, each of which has & different azimuthal coverage pattern and gain.
These three channels are: 1) Sum or symmetrical pattern channel (I); 2)
Difference or antisymmetrical pattern channel (4); 3) Omnidirectional pattern
channel (2). These three signals shall be processed by the multichannel
receiver to provide signals that can be used for reply detection, reply
resolution, discrimination of side and back lobe replies, and off-boresight
angle-of-arrival (monopulse) estimation. The wmultichannel receiver shall
preserve the amplitude and phase fidelity as well as the dynamic range of the
received gignals in order to achieve the specified range and wmonopulse
accuracies.

#

#
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3.3.4.3.1 Reply pulse prucessing.- The aultichannel receiver shall provide
the following video output signals for use by the ATCRBS and Mode S reply
processocs: 1) a quantized sum (I) antenna pattern signal whose decection
threshold depends on one of three separately adjustable paraseters: a fixed
threshold parameter, a signal amplitude dependent parasster, and a
time-varying psrameter; 2) a quantized signal to indicate when the slope of
the sum (I) antenna pattern signal exceeds a preset rate, one for the positive
direction and one for the negative direction; 3) a quantized signal o
indicate pulse reception in either sidelobe or backlobe of the antenmna
pattern; 4) a monopulse, bipolar video signal proportional to the off~boresicze
azimuch angle; 5) a signal proportional to the sum (i) antenna pattern (Mode §
processor only).

The signal dependent threshold parameter in 1) above, is provided to reduce
the likelihood of detecting low=-level multipath replies. Multipath rejection
shall be accomplished by referring the detection threshold (in 1 above) to the
amplitude of the detected pulse. The time varying threshold in 1) above shall
be provided to ainimize occurrence of false replies arising from nearby

reflectors. This threshold shall be site adaptable. The output signals and
- thelr corresponding threshold detection parameters in 1) and 3) above shall be
tailored to provide one set of signals (and parameters) for ATCRBS replies and
one set of signals (and paramecers) for Mode § replies.

3.3,4.4 Mode S reply processing.- The Mode S reply processing system shall
operate on the multichannel receiver outputs, (quantized sua (I) signal,
quantized sum (L) positive and negative slope signals, quantized SLS signal,
monopulse video, and the sum (I) signal) to detect Mode S roll-call and
All-Call replies; to provide estimates of their range and. azimuth; and to
decode their message blocks. Mode S replies employ parity encoding which
shall be utilized by the reply processor - to detect and. correct errors. The
Mode S reply processor shall generate a digitized representation of the
quantized video signals vwhich preserves Mode S sensor accuracy, in a format
appropriate for reply detection and processing. The reply signals and formats
will be in accordance with the Mode S NHational Standard. Upon processing
All-Call replies and roll-call replies the processor shall prepare target
reports containing each target's pertinent information.

-

3,3.4.4.,1 Preamble detection.- Mode S replies shall be detected based on the
tour-pulse preamble waveform preceding the reply data block. A preaamble shall
be declared when valid pulses are detected {n all four positions of the
preamble waveform and, in addition, at least two of the pulses are detacted
with clear leading edges. A reply shall be accepted only if 4{ts preamble is
detected within a listening “window™ surrounding its expected (predicted)
reply time. This "window™ wminimizes the probability of missing the desired
reply due to ATCRBS fruicr. If no preamble is detected within the “window",
the processor shall output a signal to denote this event (3,4.4.8.2). Target
range estimation shall be based on the arrival time -of the leading edge of the
first pulse of an accepced Mode S preamble relacive to the start of the
listening “window".
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3.3.4.4.2 Message bit processing.- Message bit processing shall process the
appropriate digitizad multichannel receiver signals correspoading to the data
block of an accepted Mode S reply and produce a message bit snd a confidence
bit (high or low) for each information bit in the reply data block. Message
bit decisions shall be based on the relative amplitudes of the signals in the
two pulse positions (chips) corresponding to each iaformation bit (see the
Mode § National Standard). SLS signals shall be wused to resolve ambiguous
situacions in which a signal 1is received in both pulse positions.

3.3.4.4.3 Monopulse processor.- The monopulse processor shall operate on the
monopulse video signal (3) to provide an estimate of the monopulse angle for
each accepted Mode 5 reply. The estimates shall be based on an average of a
number of acceptable wmonopulse samples which correlate with a wmonopulse
reference; the monopulse reference shall be derived using Ctwo acceptable
monopulse samples. Monopulse samples are acceptable if there 1is a high
confidence for the information bit being sampled and:

(1) tt 1is & first chip sample with a logical high information bit
decision, or;

(2) it is a second chip seample with a logical low iaformation bit
decision.

1f the monopulse reference is never established, or if an tnsuffiﬁienz number
of acceptable monopulse samples are available after the establishment of a
monopulse reference, this failure condition shall be reported (3.4.4.8.2).

3.3.4.6.4 Message decoding.- Each Mode S wmessage has been encoded in
accordance with the Mode S National Standard prior to its transmission to the
Mode S Sensor. The messages corresponding to each accepted Mode S preamble
shall be decoded by using the inverse of the coding algorithm in the Mode S
National Standard. The decoding process shall be used to validate all
received Mode S messages and includes error detection and correction of a
burst error pattern.

3.3.4.5 ATCRSS reply processing.- Digicized representations of the
multichannel receiver quantized video signals that pruserve the  sensor
accuracy shall be provided to the ATCRBS reply processing subsystem in a
format appropriate for reply detection and processing. The ATCRBS reply
processing subsystem shall be designed to produce accurate, reliable target
reports at low interrogation rates using the wmultichannel receiver video
output signals (i.e. quantized sum (I) signal, the quantized sum (I) positive
and negative slope signals, SLS signal and monopulse video). It shall detect
ATCRBS replies, estimate target range and azimuth, decode Mode C altitude and
discrete (4096) Mode A and Mode 2 codes, and correlate the replies received on
successive sweeps o combine replies from the same target into one target
report. Reply correlation shall be based on range, azimuth, and high
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confidence code and alticude pulses of each reply.’ The reply signals and
format will be in accordance with the ATCR8S National Standard. The processor
shall prepare target reports coantaining estimates of the range, azimuch, codes
and altitude based on the range: and azimuth of each correlaced reply and their
high confidence code and altitude pulses.

3.3.4,5.1 Video digitizer.= The video digitizer shall analyze the
miltichannel receiver video outputs and: (1) reject short pulses; (2) insert
pseudo-leading edges (based on the received apparent pulsewidth) between a
leading edge and a trailing edge, or between two successive leading edges.
Long pulses shall be assumed to have resulted from the overlapping of multiple
replies; pseudo-leading edges shall be inserted as estimates of the positions
of overlapping ATCRBS reply pulses. A digitized representation of the
sultichannel receiver video, as processed above, shall be provided for reply
detection and processing.

3.3.4.5.2 ATCRBS reply processor.= An ATCRBS reply consists of between two
and 16 pulses. “The function of the processor is to identify all ATCRBS
replies by searching the received pulse train for a framing pulse pair (Fy,
F2), eliminate phantom pulse pairs due to garbling replies, decode valid code
pulse positions, estimate clear code pulses, derive a monopulse estimate for
each declared reply using clear pulses, and generate a coafidence bit for each
pulse which identifies clear pulses that can be used ‘in the subsecuent reply
correlation processing. The SPI and ¥ pulses shall also be detected and
reported if present.

3.3.4.5.2.1 Multiple reply sensing.- Two replies are garbled whenever the
replies overlap each other such chat the F| pulse of the second reply occurs
sufficiently close to one of the first reply's pulse positions that it cannoC
be distinguished from the first reply's pulse. Such situations may cause
phantom replies. A phantom reply may also occur when the two real replies are
not garbling but close in range. When either case occurs, a phantom bracket
may be declared, consisting of a code pulse of the firsc reply and a code
pulse of che second reply. The ATCRBS processor shall eliminace phantom
brackets resulting from two other replies and declare the bracket pairs of
both real replies. The processor shall declare the bracket pairs cf multiple
overlapped replies as defined herein whenever possible.

3.3.4.,5.2.2 Reply correlation.- A decoded ATCRBS reply shall be compared in
range, azimuth, and pairwise high confidence code or altitude daca with
previously received replies, so that all Mode 2, A, and C replies received
from a single target in one scan are grouped into a single target reporct. 1f
.a reply does not correlate with any existing target report file, a new file 1is
started with the reply. Corrections shall be made to prevent the acceptance
of a second reply from a transponder that fails to meet the maximum pulsewidth
specification.
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3.3.4.6 Surveillance processing.- The surveillance processor shall accept

target reports from the Mode 5 reply processor, the ATCR8S reply processor and
the radar interface; it shall process these reports in order to maintain
target files oa all Mode S and ATCRBS aircraft within the sensor's volume of
coverage. Track files shall be maintained by tracking Mode S and ATCRBS
target reports, correlating current scan reports to these tracks, and updating
each track file based on the current scan correlated report information.
Beacon reports, radar substitution reports, and radar reports not correlating
with beacon reports or ctracks shall be sent te designated ATC users. In
addition, if the contract schedule requires that Appendix IV be implemented,
radar reports shall also be tracked and correlated to form radar-only
surveillance files,.

3.3.4.6.1 Mode S surveillance processing.- Operating on the one or more
Mode S target reports per aircraft per scan, a single target report for a
given Mode S address shall be selected for each track and a prediction of ics
next scan position shall be made. The report selection shall combine finding
the report nearest the beam center to maximize azimuthal accuracy, and finding
the report wicth the shortest range (and identical Mode § address) to exclude
reflected (false) targets. A Mode S All-Call report with address thac
does not match an existing track but does match an uncorrelaced report from
the previous scan shall be tested to see if it is reflected, and if not, it
shall initiate a new track file. The still unmatched reports shall be saved
for one scan to repeat the process with the newly arrived Mode S All-Call
reports. When two or more Mode S replies are undecodable at a consistent
range during a beam dwsll, the replies are garbled. Based on this, channel
management shall schedule stochastic interrogations for these aircraft in the
next scan to try to identify the garbling aircraft by reducing the number of
alrcraft answering the All-Call in that volume of airspace. Mode S tracks are
predicted ahiead one scan for the scheduling of roll=-call interrogatious.

3.3.4.6,2 ATCRBS surveillance processing.- ATCRBS reports, consisting of one
report per target per beam dwell, shall be edited and corrected as necessary
by comparing (correlating) the curreat scan report with the target tracks.
Edicting shall eliminate residual fruit and identify possible reflected
targets. Correlated target reports shall be used to update the missing or low
confidence code bits of the ctrack and to validate the altitude code.
Correlation shall be based on range, azimuth, and altitude association level
for those reports associated with a single track (and vice~versa). For those
reports and tracks with multiple associations, correlation shall be based in
addition on code matches, the number of replies in the ‘repaort, altitude
macches, track maturity, and a distance parameter. Upon track wupdate, and
whenever the report's Mode A code does not match the track's Mode A code, it
shall be assumed that a new Mode A code has been selected in the aircraft.
After three scans of a consistent new code, the track code is updated.

3.3.4.6.3 Radar/beacon correlation.- Whenever there i{s a colocated primary
radar, an acctempt shall be made to correlate each radar report with a beacon
(L.e., ATCRBS or Mode S ) report or track. Upon correlation, the beacon
report shall be defined to be radar reinforced; a beacon track with no beacon

report shall be updated using the radar Teport (radar substitution) whenever
possible.
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3.3.4.6.4 Radar surveillance Erocessing.- Under Appendix IV, Mpde S sensors
operating with the primary radarc digitizers will receive one radar rteport per
aircraft per scan plus false alarms and shall perform trackiog of radar
reports in che same manner as for ATCRBS reports. Radar surveillance
processiag shall compare (correlace) curreat scan radar veports with those
received on previous scans. Only radar reports not correlating with beacon
reports ot tracks shall  be processed, thus eliminating the possibility of
creating Cwo tracks for one alircrafc. Both radar target reports cthat
correlate with existing radar tracks and those that fail to correlate shall be
output, with a flag signifying which event occurred. Radar report to radar
track correlation shall be based on range and azimuth.

Mode S sensors operating with che Common Digitizer (CD) will rteceive radar
reports but shall aot pecrform the report=-to-track correlatioum, smoothing and
prediction of these tracks; radar reports shall only be correlated with Mode S
and ATCRBS reports, and with coasced tracks in che absence of beacon reports.

3.3.4.,7 Data link processing.= All ground/air communications carried. out by
the sensor shall be managed by the data link processing function. Uplink
messages formatted as specified in Mode S ICD shall be accepted from the
message routing function (3.4.8.12), processed into an active message list,
and made available to the channel azanagement function (3.4.1) for delivery to
aircraft under surveillamce. Data link processing shall process Mode S
replies to determine the success of uplink asssage delivery and the presence
of air-initiated indicactors requesting downlink message delivery. Downlink
requests shall cause the addicion of a suitable eatry in the active message
list. The downlink replies shall be converted to appropriately addressed
messages specified by cthe Mode S 1ICDs, including uplink nessage delivery
notices, and made available to message toutiag for delivery to the appropriace
daca link users.

3.3.4.7.1 Input message processor.- The lnput message processor of cChe sensor
shall accept uplink messages foraacted as specified {n Mode S ICDs from the
amessage routing fuactioa (3.4.8.12) and control information from the
surveillance file (3.4.6.2). tt shall output a priority-ordered active
message list for each Mode S aircraft with data link activity based on order
received, and the extsrmal assigned priority (Mode S ICDs). The uplink
messages processed are:

Tactical Uplink

ELM Uplink

Request for Downlink Data
ATCRBS ID Request

Message Cancellation Request

3.3,4.7.2 Output message Drocessor.- The oulput message processor shall
extract message data contained 12 downlink replies from the target records
(3.4.1.5), produce output messages or delivery notices formatted according to
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Mode § ICDs, and pass chese wmessages (through buffers) to the sensor's
message routing function (3.4.8.12) for delivery to the appropriate data link
user. On a once-per—scan-per-target basis, the output message processor shall
update the active message list using the downlink data. The following
downlink replies specified in the Mode S National Standard shall be accepted
as inputs for targets on the released target list (3.4.l.4.4)

Surveillance, Altitude
Surveillance, Identcity
Comm=B, Altitude
Comm—B, Identity
Comm~=D

The following messages types specified in the Mode S ICDs shall be output.

Tactical Downlink (with optiomal surveillance data)
ELM Downlink

ATCRBS ID Notice

Uplink Message Delivery Notice

Data Link Capabilicy,

and shall be augmented with a user ID identifying the recipient to the message
routing function.

3.3.4.8 Network wanagement

3.3.4.8.1 Purpose and functions.- As Mode S sensors become deployad, multiple
coverage will exist at higher altitudes. Mode S shall include a network
management function to control the operation of the Mode S seasor in this
environment. The purpose of network managenent is to ensure adequate
surveillance and communications for aircraft, provide communications between
sensors and ATC facilities, and between several sensors. This shall be
accomplished through coordination of seasors' operation for areas of common
coverage. Adjacent sensors will not normally be netted and hence shall
coordinate their surveillance activities by coatrolling transponder lockout,
or by using the transponder multisite surveillance features. Data link
coordination shall be effected through the use of the sensor coverage map and
the ctransponder multisite communicacion features and assisting the ground
communication system in the rerouting of uplink ELM messages when necessary.
Where used, netted sensors shall communicate directly with each other, to
handoff targets as they cross surveillance boundaries, to assist one another
in maintaining continuity .of surveillance and data-link service, and to effect
rapid target reacquisition in the event of a temporary link interruptioam.

The basis for network management shall be a sensor coverage map, prestored at
each sensor, which defines irs responsibilities for targets in each region of
airspace. This map shall define the actions of the sensor {tself, designate



PAA-E=2716 & AMEND.-2
SPECIFICATION CHANGE-S
=455a~

provided shall be determined for two categories of peculiar parts: 1) those
for which a complete reprocurement package is provided including all
necessary specifications, drawings, data rights, and other technical
documentation to facilitate a competitive procurement; and 2) those for which
a complsta reprocurement package is not provided.

The quantities provided for each peculiar part with a complete reprocurement
package shall represent the pipsline spares required for M depots (M=)
servicing S/M sensor sites (S=78 for basic program, S=137 for basic program
+ option) and shall be determined by the product of each peculiar part
failure rate (expressed as failures per 24-hour day), the number of peculiar
part applications per sensor site, and a mean depot repair turn around time
of N days (N=40). The nominal values of M, S, and N may be altered in the
contract scheduls. When the calculation results in a fractional number, the
quantity provided shall be the next highest integer; in no case, however,
shall be quantity of depot spares for any peculiar part with complete
reprocunent package be less than one. :

The quantities provided for M depot (M=l) of each peculiar part without a
complete reprocuressnt package shall represent a 20=-year system lifetime
requirement, and shall be determined by the product of each peculiar part
failure rate (expressed as failures per 24-hour day), the number of peculiar
part applications per sensor site, S/M sensor sites (S=78 for basic program,
Sel37 for basic program + option), 365 days per year, & 20~year life, and 2
condemnation rate determined through maintainability analysis by the
contzractor, but not to exceed S percent of total cepair per year for
repaicable parts. The nominal value of S and M may be altered in the
contract schedule. When the calculation results in a fractional number, the
quantity provided shall be the next highest integer; in no case, however,
shall the quantity of depot spares for any peculiar part without complete
reprocurement package be less than ona. : ’ ’ :

3.14.3 Sensor support facility spares.- The contractor shall provide
quantities of peculiar part LXO's for the Support Facilities (Appendix' II) as
defined in paragragh 3.2 of PAA=G~-1375 except that cable assemblies, wiring,
meters, hardware, card bins, gears, and similar iteams are added to the list
of the parts excluded in the definition. These peculiar part LRU's shall
include any specially designed controller or other equipment fabricated
aspecially for the Mode $ Support facilities application. Coameczcially
available equipment used for tbe Support Pacilities function, as defined in
paragraph 3.1.6 of PAA=G-1373, is excluded from the Support FPacilities spares
requirement.

The quantity provided for Support Pacilities spares shall be calculated in a
manner consistent with paragraph J.14.2 except chat S (S=3) Support
Pacilities sites should be used in the calculation and one depot (M) site.
™e nominal value of S can be changed in the contract schedule.
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146822 Sensor coverage and orioricy.- In gemeral. an ATC control facilic: i

use che data from only one sensor to maintain icts track om a particular ajrerzss To-
facilities served by more than one sensor, data on the same airecrafs sha.: Se
available from more than one sensor to provide an inscancaneous backup capabiliz:
regions of airspace visible to more than one Mode § sensor, each Mode § targes shall
Se under roll-call surveillance by at least w=wo sensors simultaneously =0 provics
continuicy of surveillance and data-link service in the event of a sensor failure, 3
ground-to-air link failure, or a sensor-to-sensor communicacions failure. Ome such
sensor shall be designaced as primary and one such sensor shall be designaced as
secondary. Typically, the data from the sensor designated as primary will be used o
the ATC control facilicy. )

3.3.4.8.3.3 Sensor configuravions.
3. 3.4.82331 Non-necced Configuracion.- In configuracions in which an adjacen:

assigned sensor is not connected to the local sensor it is necessary to provide a
means of surveillance hand-off.

The principal methods for accomplishing this are:

(a) 3ize Addressed lockour. The Mode § transponder can bg selectively "anc
independently locked out to special All-Call interrogations originacting from
wp to 15 different sensor sites. .

¢-)) v ing. This alternative shall require cthat each sice
selectively unlock aircrafr in regions of overlapping coverage in order =o
allowv chem to be acquired by the adjacent sensor’'s normal All-Call
interrogations.

In the event of failure of Sensor-to-sensor commmications in an otherwise nected

configuration, the sensor affected shall be temporarily treated as non-netrted.

i.3.6.83. 32 Nets ioD.- The wuse of Mode S lockout to nminimize
incterference on All-Call replies means thac provision must be made to hand-off c=e
Mode 5 discrete address of the aircraft ©o an adjacent site in areas of mulrtisensor
coverage.

In a netted configuration, each sensor shall communicate with adjacent sensors via
ground lines to ATC facilities to effect such hand-off of cargets as thev pass from
the region of one sensor’s coverage to that of an adjacent sensor by transmicting the
aircraft’s address and position.

" In addition, in regions of overlapping coverage, this inctersensor communicaction shall
be used to assist i{n the reacquisicion of a lost ctarget.
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4 A dinac .- When the local sensor requires track data on ar

aircraft from a remote sensor in the nec, the local sensor will receive posicion and
velocity data expressed in the coordinaces of the remote sensor. whose ID shall aiso
be ctransmitted to the local sensor. The position data shall include measursd slanc
range, aziouth and altitude: the velocity dacta shall include range rate and azimuch
rate as detsrmined by the surveillance processing function in the remote sensor. The
local sensor shall be required co comvert this data into its own coordinates.

226,86 Commmications.- The commmications functions of network management shall
serve to implement the requirements of sensor coverage conctrol (3.3.4.8.2) ancd
surveillance control (3.3.4.8.3), as well as provide for special surveillance
Tequirements, ground-air and air-ground data link requirements, and routing messages
to various parts of the Mode S sensor.

s.2.6.8.6.1 Necwork control messages.- The network control messages shall implemenc
network management beCween cormected sensors by: (1) establishing or terminating
track data flow between sensors, (2) establishing sensor priority status, and (3)
managing exceptional track alert situations. '

4.8.4 i .+ The network management function shall
provide for requests for external track data.

s.6.8.6. 3 Data-link pessages.- A data source may use any sensor which has an
aircraft in its track file for the transmission of standard ground-to-air data-link
messages to that airecraft. The data-link protocol for the standard ground-to-air
message shall operats correctly in areas of overlapping sensor coverage without any
requirements ' for site-to-site coordination, permicting the autonomous delivery of
Cime-critical tactical messages undar any circumstances. For aircraft in the ctrack
file, for which the sensor is not primary, the sensor will assist the external dacta
link service (e.g. the non-ATC user) in the rerouting of uplink ELM messages to the
appropriate sensor. Based on the sensor coverage map function, the sensor will
respond to an uplink EIM dalivery request with an indication of the sensor(s) chat is
(are) likaly to be primary for the specified aircrafc.

3.3.4.84.4 Message roucing.- This function shall route messages to and from
appropriate subsystems, including necrwork management, data-link processing,
surveillance processing and performance wmonitoring. It shall alse control
dissemination of output messages to data link users whenever those messages are not
specifically addressed to a single user.

3.3.4.9 (Notv used )
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3.3.4.10 Performance monitoriag.- When deployed, the Mode S sensor {s
intended to be wunmanned and sufficiently reliable and stable so that
maintenance personnel need not be stationed in the immediate vicinicy. For
this reason, the Mode S sensor shall continuously monitor its own performance
during normal operations. The sensor shall indicate to coanected ATC
facilities and to other sensors (when netted) any degradation 1in izs own
performance, thereby permitting the network managenent functions of these
sensors to operate in order to share the surveillance and communications task
which can no longer be performed by this sensor. Appropriate failure
indicatioas shall be provided to maintenance perscanel via the RMMS. The
performance monitoring function shall be accomplished in part by inserting
special test interrogations between the regular Mode S and ATCRBS
interrogations, and by processing the returned signals to compare them with
cecrtain stored constants in order to verify proper performance. This function
relies heavily wupon the Calibration and Performance Monitoring Equipment
(CPME), specified in Appeadix VIII. The CPME is a transpoader-like calibracion
device several of which may be placed at fixed known locations about the
sensor. The sensor shall routinely interrogute these devices to obtain a
measure of loop performance. The performance monitoring function  shall also
monitor certain measurement points vithin the sensor in order to verify
satisfactory performance of the sensor. )

3.3.4.11 Sensor calibration.- The :ode S sensor makes use of a monopulse
technique for the measurement of target azimuth. Monopulse estimates, formed
from the sum and differeace outputs for individual reply pulses, are used to
enter an off-boresight lookup taole. The output of this table is off~-boresight
azimuth, The off-boresight lookup table for each interrogator and processor/
anteuna combination shall be calibrated, using replies elicited from a CPME.
The table shall be recalibrated when tequired as decermined by the Mode §
performance monitoring functioa. As specified herein recalibration requires
a brief interruption of normal sensor processing.

3.3.4.12 Sensor start-up.- The Mode § sensor shall follow a detailed
procedure, specified herein, upon starc=up to effect clock synchronization,
program loading, monopulse calibration performance monitoring check, and
Mode S acquisition. In addition, it shall pe possible ro modify any of the
site adaptacion paraceters from a sensor keyboard {aput device without taking
the sensor off line.
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3.3.4.13 System timing.= The Mode S sensor shall be equipped with a timing
subsystem providing time of year and sensor timing coatrol. The clock shall be
driven by a 16 MHz signal. It shall be possible to synchroaize the clocks of
all Mode S sensors to an external standard. System time shall be continuously
available to the transmitter/modulation control unit, the Mode $ and ATCRSS
reply processors, computer and communications subsystem and the ARIES
(Appendix IX). In addition, the sensor timing subsystem shall provide timing
references for che generation of both Mode 5 and ATCRBS interrtogation
waveforms.

3.3.4,14 Test target generator.-~ The " test target generator shall be

configured as built-in ctest equipment and shall provide the means to
periodically verify correct performance of the modulacion coatrol unit, the
AARTU (3.4.4.7 and 3.4.5.4), the ATCRBS reply processor and che Mode S teply
processor digital hardware and receliver. When che TIG is in use, normal
system interconnection shall be interrupted. Meaans for software controlled
high speed switching between normal and TTG connectioans shall be provided.

The test target generator shall provide inputs to the processor uanit
representing quantized Mode S and ATCRBS replies. These inputs shall be
digital signals representing the receiver's video pulse quantizer outputs and
8-bit data words representing Che monopulse video signal level. The TTG shall
also supply data representing interrvgation and processor control blocks
normally received from the computer subsystem aand simulated ACP and ARP
signals cormally received from the antemnna's azimuth pulse generator. The TIG
shall utilize the receiver built=ia test equipment during the recelver
checks.

3.4 Functional requirements of the sensor.~ This section, together with the
Tequirements sections of relevant appeadices, specifies a Mode § sensor
capable of operacing with a single face or back=to=back antenna and with
auxiliary egquipment. Each of the following subsections specifies a wmajor
function of the system, necessary in the realization of the overall
performance relative to each face, while the Appendices specify the required
performance in the back-to-back mode, and in extended configurations. Exact
formats and bit assigunments for intrasensor interfaces, and layouts and
structures will be determined by the contractor's hardware and software
implementation choicss. In addition to che requirements specified for the
individual functions, the sensor shall be designed so that all functions
operata together, with each function performed with the frequency and timing,
relative to other functiona, as specified herein,

(a) Definition of Azimuth unit (Au) and Range unit (Ru).=- The sensor shall
operate with an antenna azimuth register of 14 bits referenced to true
north, and shall employ a basic clock frequency of 16 MHz, Consequently,
throughout this specification, the least significant bit (LSB) in azimuth
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is called the Azimuth Unit,

Au = 2714 * 27 radians.
Within the sensor azimuth shall be measured in Azimuth Units.
The LSB in time {s 2~% us. Corresponding to this LSB in time, range 1is
expressed as the time required in sixteeuths of a microsecond for light to
travel to that range. Thus, range is expressed in Range Units:

Within most of the sensor and betweea sensors, range shall be carried as
two-way range in Ru's. In converting data for transmission to NAS Terminal
and Ea Route range shall be expressed as one-way range in ami.

(b) Parameter notation.- Parameters specified herein utilize the following
notation:

p = wix=~y,z).

Meaning: The parameter p shall be given the nominal wvalue w. 4All
functions using that parameter shall accept 2 range of parameter
values from x to y in steps of z.

(e) Complex signal notation.- In. the sections dealing with analog
signals zespecially Section 3.4.2, 3.4.3, 3.4.4, 3.4.5, and 3.4.10),
characters I, 4, i, A, B, erc., denote complex signal amplitudes, and the
operator j denctes a 90° phase shift as in customary usaie.

(d) Binary sequence notation.- The following notation is used for binary
sequences:

(1) The sum modulo-2 of two binary sequences is denot:d as
ADB = AP B, oes A D By

i.e., the binary sequence whose components are modulo=-2 sums of
corresponding components of each sequence.

(2) The product A * B is defined as ‘
A * B = (A] * Bl,eeee, Ay * Bp)

where Ay - By denotes the logical AND operation with components
Ay and By.

(3} The logical sum A + 8 of :wo binary sequences is efined as
A+ B = (Al+ Bl,.-..-, An“sn)
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where Ay + ﬁi denotes the logical OR operation with components Ay
"~ and By.

(4) The magnitude of a binary sequence |A|, is defined as the number of
'l's in the sequencs.

(e} Conventions.- Unless otherwise specified, “set” and “reset” when
referring to a flag, indicator, or parameter, shall mean “set to one” and

“reset to 2aro", respectively.

(f) Sngologz.-

n denotes “multiply by”

() denotes “estimated value”

™ denotes “average value”, or "complement of”
I denotes "absolute value”

xry deaotes “replace y by x”

This space intentionally unused.
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3.4.1 Channel management.

3.4.1.1 " Overview.

3.4.1.1.1 Purpose.- Channel management regulates the use of the RF channel by
a Mode S seasor. The nature and timing of each event taking place on the
channel is determined by channel management in order to accomplish the
surveillance and communications tasks of the sensor. Channel management
controls both the rollecall and all=-call activities of the sensor.

3.4.1.1.2 Interfaces.- Channel management requires the predicted position and
the list of pending data link messages for each roll-call target. This
information is taken as input from the surveillance file and from the active
message lists, assoclated with that file, before each roll=-call target enters
the antenna beam. After a number of targets have left the beam, channel
managemeat outputs a released target list, to be used by the surveillance and
data link processing functions. The released target list includes the number of
replies received for each targer and indications of successful message
delivery. The information content of the replies and the positional data
derived from the replies is made available to the surveillance and data link
processors by channel management. .

Channel management also interfaces with transmitter/modulation control and with
both Mode S and ACTRBS reply processors. Channel management outputs consist of
both ATCRBS and Mode S interrogation control commands to transmitter/modulation
control, and reply control commands to the replv processors. Mode S rollecall
replies are available as input to channel management from the Mode S reply
processor. '

The remaining interfaces provide channel management with access to the system-
clock and the antenna azimuth register (3.4.13.5). -

3.4.1.1,3 Definitions.- The definitions of some of the basic terms, specific
to channel management, are given here. :

(a) ATCRBS interrogation = Any {nterrogation that elizits ATCRSS replies
from ATCRBS or Mode S transponders.

(b) ATCRBS/All1-Call = A term that refers to non-selective interrogations,
i.e., the ATCRBS interrogation or the ATCRBS/Mode S, ATCRBS=Only, or
Mode 5-Only All-Call interrogations.

(¢) ATCRBS/All-Call schedule - The pattern of successive ATCRBS/All=Call
lnterrogation times and interrogation modes is called an ATCRBS/All-Call
schedule. The generation of these times and modes is called
ATCR85/A11-Call scheduling.
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(d)

(e)

(£)

(g)

(h)

(1)

(H

Active target - A Mode S roll-call target or acquisition track target
presently within the anteana beam and awalting incerrogations from the
sensor is said to be an active target. The sat of active targects
constitutes the active target list.

Transaction = A particular pairing of an interrogation type with a
reply type, for a Mode S roll=-call target, i{s called a transaction. A
standard transaction coatains a single interrogation paired with a
single reply. An extended length message (ELM) transaction may contain
either multiple interrogations or multiple replies. There are two
kinds of ELM traansactions. An uplink transaction contains up <to
sixteen interrogations, paired with a single reply. A downlink ELM
transaction contains a single interrogation, paired with up to sixteen
replies.

Surveillance transaction - The first transaction which is executed for
a target which has just entered the antenna beam 1s called a
surveillance transaction. The range, azimuth and altitude obtained
from this reply will usually form the basis for position update on the
target in the corresponding scaa. The interrogation for a surveillance
traasaction will be a discretely addressed Mode S interrogation for
normal tracks and a Mode S5 Only All-Call for acquisitiom tracks.

Transactlon record -~ The transaction record is a set of iaformation
which completely characterizes a transaction. This record includes the
uplink message information bits (if present) and, when fully prepared,
contains a completely formacted interrogation, except for error
encoding, as well as all {information required to form interrogation
and reply control commands (3.4.1.5.2).

Target transaction block - Before each Mode S roll=-call target enters
the antenna beam, a set of transaction records is partially prepared.
This set of records, together with a header called the target recotd,
containing target address, range, and other information is called a
targec transaction block.

Schedule - A set of transactions, one per ctarget, together with
assigned times for the start of each interrogation and each reply
liscening period, for each transaction in the set, 1is called a
schedule, or roll-call schedule. When an interrogation is traasmitced
ac the time given in the schedule for a given traamsaction, the reply
may be expected from the discretely-addressed aircraft within the
corresponding reply listening period.

Mode S period - an interval of time which {s reserved for Mode S
roll-call scheduling.
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3.6.1,1.4 Major subfunctions.- Channel management subfunctions shall be:

(a) Channel control.
(b) Transaction preparation.

(¢) Target list update.
(d) Roll=call scheduling.
(e) Transaction update.

Although channel management is described as having a distinct channel coatrol
subfunction, it is permissible to distriburte this subfunction among the other

channel management subfunctions 1if required by the software system design.

3.4.1.1.5 Major files.- The only major file internal to channel management is
the active target file, which consists of a tirger transaction block for each
active target.

3.4.1.1.6 Channel management operation.- A block diagram of the channel
management function 1is shown in f{g. 3.4.1=-l., Each of the five major
subfunctions listed in 3.4.1.1.4 is shown 43 8 block, and the active target
list appears as an explicit storage area. Other storage areas are indicated as
buffers for the temporary storage of information.

The channel management funcrion {s specified as a serial algorithm for
implemenctation in a single computer., Other 1implemencations of channel
@anagement that use multiple computers and parallel procesaing of subfunctions
Bay be used. '

Channel control plays the role of executive ia this subsystem, controlling the
execution of the other subfunctions. Channel managenent shall be respoasible
for ATCRBS/All-Call scheduling and for the generation of roll-call schedules
occupying Mode S periods on the RF channel. Transaction preparation shall be
directed by channel coatrol to obtain {nformacion oa roll-call targets from
the targect files and to partially prepare a target transaction block for each
of these targets, shortly before the targets eanter the antenna beam.

At appropriate times, target list update shall be direcced by channel control
to update the active target lisc, adding to it the target transaction blocks
of targets about to enzter the beam, and removing from it the target
traasaction blocks of targets no longer within the beam. After the active
target list has been updated, channel coatrol shall direct roll=-call
scheduling to generate a series of one or more schedules.

Before each schedule, channel control shall provide roll-call scheduling with
the remaining channel time available before cthe end of the Mode S period in
progress., During the execution of each schedule, ctransaction update shall
aonitor the success or failure of each transaction and prepare the active
tacrget list for the next schedule. The roll-call scheduling output shall be a

time-orderad stream of interrogation and reply contral commands.
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dsl.1.6.0 Jlaus chapnel ting.- Roll-call schaculing shall be accomplished in such a
vay that vhen handling the msximm loading specified in Table 3.3.2.5.1, or any
subset of this loading, procsssing delays: ,

(a) do not cause lost charmel time at the begirming of a Mods S period,

(b) do not cause lost charmal time during the first schadule of & Mode §
peried,

(¢) whan sveraged over any four consecutive Mode S periods, cause no more than
250 4 sec lost charmsl time per schedule for each of the successive (L.e.,
nd, 3rd, etc.) schadules in a Moda S pericd.

A period of 1200 useconds is permitted from the receipt of a Teply from a given
aircraft to the time of tha next intsrrogation to that aircraft. lost charmel time
for reintarrogation of the same aircraft shall only be charged for dalays that exceed
the pemittad 1200u sec.

4,12 Chaonel comtzol.

Nots: The following requireasnts ars based upon the use of a subset of the station
tims clock. Other implemsntations that use the entire station time clock asy by
utilized if approved by the Goverrment. .

.4.1.2.1 channel cizing.- All activities of the Moda S sensor vhich ralata directly
to the use of the RF channal shall be regulated by charmel control. Chaimel comtrol

shall be responsibls for the timely preparation of ATQRBS/All-Call intsrrogation
control commands, and also for the exscution of all othar chatnel IANAZeDENT

subfunctions. Charmsl contTol shall be given access to ths current valuss of the

time-of-year (TOY) clock, the station time clock, and antsrma (boresight) agimuch, by
means of read-tims end read-azimuth requests. A read-azimuth request shall provids
charnel control with the current contsncs of the anterma azimuth register, vhich

indicates antamma pointing direction in azimuth unics (approxizataly 0.022°). The

antsnna azimuth registsr is driven by a l4-bit antenna shaft encoder. Time is

provided as the cwrTent contsnts of the TOY and station time clocks. The response to

s read-tinme Tequast shall be a time massage rspresenting the 36 bits of the T0Y clock

Plus the 16 most significane bits of che 23-bit station ctime clock. The 1§ moStT

significant bits of the station time clock ars rsfarred to as the time unic wvord. The

least significant dit of the time unit vord shall Tepresent 16 us wvhich {s raferred

to harein as a time wmit. Charmel concrol shall {ssue incarrogation control and reply

control commands, vhich specify transmission times and Teply listsning period times,

in cthe form of 16-dit words vhich ars to be compared to the 16 lowest order bics of

the transmission control registar (raferred to as the rangs unit word).

Charnal control is activatad incsraittently. The final action of charmel concrol,
during an active period, {s oftan the issuance of a command. Charmel concrol commands
shall be of three kinds, as follows:

(a) ATCRBSMode S All-Call, ATCRBS, ATCRBS-only All-Call, or Mods S-Only All-
Call intarrogation comtrol commands,
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() Schedule relesss commands, and
(¢) Subfimction enabling commands.

The prsparation of these commands is specified below. A schedule ralsase command
releases Modsa S roll-call intarrogation commands from the tTansmission buffer to
transmitter/modulation control. Aftar issuing a command, channel control shall enter
an inactive stacs, to be restorsd to activity by a completion notice. When an
intsrrogation control command is exscutsd by transmittar/modulation control, the
completion notice consists of a time word, sent by transmittsr/modulation concrol
upon transmission of the Py pulse, and indicating the time of that transmission. The
exscution of an enabling command by another charmel msnagessnt subfunction alvays
results in a completion notice to charmal control. Upon recsipt of a completion
nocice of this lactsr kind, charmel control shall issus a resad-tinme request. In some
cases, charmel control also issuss s read-szimuth request in response to a completion
notice. Charmel control is always cognizant of vhat activity is in progrsss on che RF
charmel vhen it is resctivatced, and it is capable of determining ths future sequancs
of sctivities on the charmel. In every cass, & time-ocut shall be providad to ensuzs
that charmel control does not encsr a non-tarminating wait stats dus to the failurs
of another subfimetion.

Vhensver rsactivatsd, charmel contrel shall detsrmine its next responsibilicy,
according to rules specified below. If the next commard will be an intarrogation
contzol command, or a schedule release command, charmel control shall datsmmine the
time intsrval from the current rsal ¢time reading to the intsnded time of
intsrrogation transaission or schedule rslease. If -this tims intarval exceeds 4.096
ms, charmsl control must delay issuance of this command until the interval is less
than 4.096 ms in order to svoid time smbiguity.

2.6.1.2.2 AICRRS/Mods § veriod scheduling.- Charmel comtrol is responsible for the
location of ATCRBS/All-Call and Moda S periods on the real time line. A time intarval.

- starting with a non-selective intsrrogation (either ATCRESMode S All-Call, ATCRES,
# ATQRBS-only All-Call or Mode S only All-Call) and extanding for the duration of the #
asximm listsning period is defined as an ATCRBS/All-Call period. A time intsrval
devotad to Mods S roll-call intarrogations and the corresponding Moda $§ reply
ligstaning periods is defined as & Mode S period. Mode S periods and ATCRBS/All-Call
periods never overlap, and they azy be separated by inactive periods, during which
# neither activity takss place. Howewver, an ATQRBS/All-Call period initiated by m»
ATCRBS-only All-Call intarrogation may overlap an ATCREBS/All-Call period initiatad by
a Mode S only All-Call 4{f the intsrrogation command timss ars separatsd by a
sufficient amount of tims to ensure that the first incarrogation has been completad
by the modulation comtrol unit befors the second intsrrogation i{s requized. (Nots
that an additional separation of the intsrrogations may be requirsd to allow the
modulation control unit to set up for the second {ntarrogation). ATCRBSMode S period
schaculing denotss an activity of charmel control in which the sequencs of actual

begimming and end times of these periods {s datsarmined. ‘

A periodic structure of Mode S and ATCRBS All-Call periods is imposed on the
real tima 1line. The repeticzion period of this structure is called the frame
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time, and the patterned time interval, vhose duration is the frame time, is called a
frame. A frams contains one or more ATCRBS/All-Call periods and one or mors Mods §
periods. In addition, once during every frams, thers shall be a Test Target Generator
(TIG) cast period, lasting 450, sec. Provision shall be mada for enabling the aczivy.
ty of the TIG (3.4.10.3.5.6 and 3.4.14.8) during the TIC cast period except in sec-
tors where such scheduling would conflict with the abilicy of the ATCRES Reply-Reply
Correlacor to handle peak loading and delay requiremants specified in 3.4.5.6.7. Each
sensor shall alvays be cognizant of the particular frame stTucturs in use at any
given time.

Charmel control shall be sits adapted with a complets charactarization of the frame
structurs with wvhich the sensor is to operacs. ATCRBS/All-Call, Mode S, and TTG
period begimming and end times, ralative to a frame beginning, shall be imput with a
precision (least significant bic) of 16us. No frame time will exceed 524 mg. Whenav-
er given a real time resading, charnel control shall have the capability to detarmine
all future begiming and end times of ATCRBS/All-Call and Mods § periods in time
units. To accomplish this, charmel control must know the real tine valus of the nost
Tecent frams begirmming tims. The inmpue characterizing the frams structurs shall
identify cthe dalay mode of each ATCRBS/All-Call period. The ATCRBS/All-Call dalay
mods is dafined as the method by which ATCRBS (or Mode § Only All-Call) incerrogation
time is to be destsrmined. The possidle methods are specified in 3.4.1.2.3.2 and
3.4.1.2.3.13.

4 - -+ The generation of the sequences of ATCRBES/All-
Call intazrogation modes and incarrogaction times {s referrsd o as ATCRBS/All-Call
scheduling. Charnel control shall be responsible for ATCRBS/All-Call scheduling. This
shall include the scheduling of Mode 5-Only All-Call interrogations in the case where
sits addressed lockout is employed.

- -+ Chamnel control shall generats any dasired mods
intarlace pattarn, with ATCRBSMode § All-Call, ATCRBS-only All-Call or ATQRBS
intsrrogations, undsr control of an imput table, entared in the semsor WemOTY as g
part of program adaptation.

. .- ATCRBS/All-Call inesrrogation time
is rTelaced to the begimning of the ATCRBS/All-Call period in either ona of che
following vays:

(8) Intarrogation at the begimming of the ATCRES/All-Call period,

(b) Each intarrogation following the beginning of an ATCRBS/All-Call period
by a delay chosen sequentially from a delay sequercs.

The sequance of delays refersnced above asy be a pseudo-random sequence, computed
sequentially, or & stored sequence of up to 8§ values. Charmel control shall have
the capabiliry to detsrmine intsrrogation times in each of tha two vays defined
in (a) and (b). Specifically, given a real time Teading, charmel control shall
have the capability to computs the time of intarrogation of the next fortheoming
intarrogation, according to the imput mode of operation. 1If a dalay ssquancs
is %o be used, charmal control shall be able o incroduce a delay
selected sequentially from a stored set of values, or o computs dslays
sequentially. I£ computad delays are used, channal control shall compuce
2 pseudo-random sequencs, using a standard algerithm for randea trumber
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gereration. If random mmber genaration is used, the discribution of the generatad
mmbers shall be uniform over an intsrval from RANMIN to RANMAX. RANMIN and RANMAX
are systam paramsctsrs, (0-512, 16), in rangs umits.

The intarrogation time determined according to the above .rulas is the incended tize
of transmission of the P pulse of an ATCRBS/All-Call incsrrogation. It should be
notsd that the stored or computad delay sequencs, refarenced in (b) above, can be
relatsd to the stored ATCRBS mode intarlace pattarn, so that the Py pulses of
successive ATCRBS incerrogations can be made o occur in a predatarmined ctiming

sequance.

1.4.1.2.3.3 Inserzogation control commands. Whensver charmel comtrol is notifled
of an ATCRBS transmission or Mode § Only All-Call transmission or detarmines
(according to rules specified below) that a Mode S period has ended, chmmel comtrol
shall detarmins whecher or not the next pariod of charmel activity is an ATCRBS/All-
Call period. This detarmination is mads on the basis of the frams structurs in use,
as specified in 3.4.1.2.2. If the next command must be an ATCRBS intsrrogation or
Mods S-Only All-Call intsrrogation control command, charmel conmtrol shall:

(s) Detsrmine the proper ATCRES/All-Call intsrrogation mode, for the mode of
operation in use, as specified above;

(b) Detarxine the proper P transmission tims, for the mode of operation in use,
asccording to the rulss specified above;

(¢) Detarmine the listaning intarval, as specified below;

(d) Prepars an interrogation control command, as specified in Fig. 3.4.2.1(b);
also prepars a pair of receiver control blocks as specified in 3.4.2.1; axd,

(e) Send the command to transmittsr/modulation control, delaying delivery as
specified in 3.4.1.2.1, if necsssary.

4.46.1.2.2.6 Listaning period.- The 1listening period for intsrrogation comtrol
commarxis {3 azimuch dependent. This listaning period shall naver excsed the duration
of the ATCRES/All-Call period corresponding to the frame structurs in uss at ay
given time. An ATCRBS/All-Call listaning period loock-up table s provided and
maintained by nstwork msnagement. The table (s called the ATCRBS/radar range mask,
and {ts structure and maintenance ars specified in 3.4.8.3.6. The table contains
listening pericds, expressed {n eight-bit flesld (ISB = l6us), and it iz entared by
azimuch, quantized in units of 256 azimuth units. Whenever an intarrogation control
command i{s to be prspared, charmel control shall uss the borssight azimuth predicted
for this intsrrogation and lock up the listening period in ths table described above.
The predictad azimuth may be comvertsd to & tabls entry indax by means of a right
shift of sight bits. The prediction of azimuch is carried out as follows: Whensver
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channel control receives notification of the transmission of an interrogation,
chaanel control shall read the antenna azimuth register and store both the
azimuch and transmission time obtained. When the next transmission time {s
determined, channel control shall determine the time interval, T, between the
last and next transmission. This interval, T, i{s computed in time units, wich
least significant bit equal to 16 us. The predicted azimuth is determined from
the formula

®next = 813gr + T/SCAN.

The symbols in this formula have the fallowing significance:

% next Predicted azimuth.,

dlast Azimuth of last ATCR8S/All=-Call transmission.

T Time (nterval from last to next AICRBS/All-Call
transmission.

SCAN Antenna scan rate parameter.

The system paramezer, SCAN, represents the inverse scan rate, in time units per
azimuth unit. For scan rates greater than 10 rpam, the parametar shall be set to
16, and for scan rates less than or equal to 10 rpm, the parameter shall be set
to 32.

Note: These values correspond to nominal scan rates of l4.3 rpm and 7.2 rpu
respectively. Over the range of possible antennas to be used, the errors
introduced by these approximations are acceptable.

The predicted azimuth shall be stored uncil it is tequired in the preparacion
of the next forthcoming interrogation control command.

3.4.1.2.4 Mode S period prediction.=- During the course of a Mode S period,
channel control shall retain values of the following quantities:

(a) Present Mode S period end tinme,

(b) Next forthcoming Mode S period beginning time,
(c) Next forthcoming Mode S period end time, and
(d) Next forthceaming Mode S period cutoff azimuth

The present Mode S period end :ime {s the former value of the “nex:.
forthcoming™ Mode S period end time; the other quantitites are coamputed
according to rules specified herein., Commands from and responses to channel
control during the course of a Mode 5 periad are specified below, together wi:n
the circumstances whi:z~ cause znanle. zontrol to determine that no further
scheduling activisy is 20 zaxe -.aze 12 the present Mode S period. This lat:ter
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condition will be denoted by the phrase: Mode S§ scheduling coampleted. When
channel control determines that Mode S scheduling is compleced, channel control

shall:

(a) Issue i read—-time request,

(b) lssue a read-azimuth request, and,

(¢) Determine if the next forthcoming period of activity on che RF channel
is to be an ATCRBS/All-Call period or a Mode 5 period.

The result of (c) above shall always be that an ATCRBS period follows a Mode S
period. Channel contruvl shall then prepare an interrogation coatrol command,
as specified in 3.4.1.2.3.3. In this case, the two steps specified as (b) and
(¢), above, shall be carried out again when notificatinn of interrogation is
received, as already specified in 3.4.l1.2.3.3.

Eventually, it will happen that the next RF activity {s to be a Mode S period.
This fact shall be recognized by channel coatrol as a result of the tules
specified above. Concurrently with this racognition, channel coatrol will have
decermined the current values of real time and antenna azimuth. Let the values
30 determined be denoted by T and 8, respectively. Let the beginaing and ead
cimes of the forthcoaming !lode S period be T; and Tj, aund let tne corresponding
cutoff azimuth be B.yp- After deteraziniag that the next RF activity 1s a Mode S
period, channel control shall:

(a) Set a variable called schedule start time equal to the present value of
Tl)

(b) Set a variable called Mode S period end time equal to the  present value
) of Tz,

(¢) Send an enabling command Cto ctarget list update, including cthe present
value of @.,¢°

(d) Compute new values of Tj and Tz. by predicting cthe time of the next
following Mode 3 period in the frawe, as specified in 3.4.1.2.2,

(e) Compute a new value of 8.,, for use during the ATCRBS/All=-Call incerval
following the present Mode S period, and a value of 8jq,s according tou
rules specified below, and

(£) Send an enabling command to transaction preparation, including the value
of 8,ey Cumputed ian (e) above.

The azimuth angles, 8ne, 3und 8 shall bhe computed from the following

formulas:

cucr’

= 8 + ePrep + (rl - T)/SCAN
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The svmbols in these formulas have the following significance:

enew New azimuth limi: for transaction prepara:ion.

8cut New cutoff azimuch for future use by target list
update.

®half Antenna half beamwidth, a system parameter rangiig
from zero to 128 azimucth wunits, in steps of 4
azimuth units. The appropriate value depends upoun
the antenna in use.

Sprep 8half/Knalf Kna1f = 2(1=4, 0.1)

T ‘ Real time read by channel control just before
executing this computation.

T Beginning time of future Mode S period, just
computed as specified in (d) above.

Ty End time of future Hode S period, just computed as
specified in (d) above.

SCAN System parameter, specified ian 3.4.1.2.3.4.

Channel control shall be provided with cthe value of Oy,1¢ and Kyg1¢ as
adaptation parameters.

3.4.1.2.5 Mode S period control.=- After completcing the activities specified in
3.4.1.2.4, channel control shall become inactive, awaiting a complection notice
from target list update. No completion notice wwill be sent from traasaction
preparation. Upon receipt of a completion nocice from ctarget 1list updace
channel control shall issue a read-time request. Channel control shall then
commence Mode S period control activity, as specified herein. This activity
congists of the authorization of a sequence of Mode S roll=call schedules, to
be executed during the coming 1!ode S period. For each roll-call schedule, the
following sequence of actions shall take place, according to rules specified
below:

(a) Channel control shall compute a schedule start time and an available
time. The available time shall be set to zero if the active target list
is empty.

(b) Channel control shall determine whether a schedule will be authorized,
or whether Mode S scheduling s completed for the present Mode S
period.

(c¢) 1If Mode S scheduling is complete, channel conrrol shall determine what
action to take next, as specified inm 3.4.1.2.2, 3.4.1.2.3 and
30401.2040 h
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(d) ILf &ode S scheduling is not complete, channel control shall send an
enabling command to roll=-call scheduling. This command shall coatain
the schedule start time and the available time.

(e) Channel control shall then send a schedule release command, delayed if
necessary, to the transmission buffer, and enter the lnactive stace.

(£) Channel control shall be reactivated by a notice of coapletion by
roll=call scheduling. If this notice indicates that no schedule 1is to
be produced by roll=-call scheduling, channel control shall proceed as
in (c) above.

(g) T1f roll=call scheduling generates a schedule, 1t will send an
appropriate completion notice containing the actual schedule end ciqe
to channel control. Channel control shall enter the received schedule
end time iato the location of the variable schedule start time for
future use. Channel coantrol shall activate transaction update and then
becone inactive.

(h) Channel control shall be reaccivated by a-notice of completion frum
transaction update. Upon receipt of this notice, channel coutrol shall
issue a read-time request and repeat the above sequence of steps,
beginning with (a) above.

Each time channel coantrol axecutes step (a), above, it will have available a
real time value and a schedule start time. I[f step (a) is executed in response
to a completion notice from target 1list update, the real time will represent
the time of arrival of that notice and ctnhe schedule start time will equal the
beginning Ctime of the Mode S period whose activity 1is presently beiag
regulated. If step (a) above {s executed in response to a completion notice
from transaction update, the real time will represent the time of arrival of
that noctice and the schedule start time will equal the end time of the
previously authorized roll-call schedule. In eicther case, let the real tine
value be dencced by T. Channel control shall compute the sum of T and tne
system parameter dgconhed® noaminally equal to 6 (0~-16, 1) time units. This
parameter represeants the allowed computatlonal delay, inherent in roll-call
scheduling, before the first roll-call interrogation command {3 available
following the enabling of that subfunction. Channel control shall compare the
sum, T + 4gched’ TO the curreat value of schedule start time. If the sua
éxceeds the schedule start time, the value of the sum shall be eatered in
schedule start time.

Channel control shall compute available time according to the formula

AT = PE- SS.
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The symbols in this equation shall have the following significance:
AT Available time, in time units.

PE ‘ End time of Mode S periods whose activity is
presently being regulated, in time units.

SS Schedule start time, computed as specified above, in
time units.

1f available time exceeds the value of the system parameter, Spi.’ channel
control shall send an enabling command to roll-call scheduling. The parameter
Smin® nominally 16(0 =60, 4) time wunits represents the minimum time for which
it is feasible to attempt the generation of a roll=call schedule. [If available
time does not exceed Spi,’ channel control shall determine that Mode $
scheduling is complete, and proceed as in step (c) above.

Channel control shall i{nclude an available time and a schedule start time in
the .enabling command sent to rtvoll=-call scheduling. These times shall be in
range units. Channel control shall coavert available time aund schedule start
time from time units to range units, by executing a left shift of ome byte,
observing overflow. Lf overflow .occurs im available time, i.e., if available
time exceeds 4.096 ms (the range unit word, Fige. 3.4.13-2), roll-call
scheduling shall be informed of the amount of the overflow.

After enabling roull=call scheduling, channel control shall send a schedule
release command to the transmission buffer., This command shall authorize the
transfer of roll=-call interrogation control commands from the traansmission
buffer to Ctransmitter modulation control. 1f schedule start tine overflow
occurred, channel control shall delay the delivery of the schedule rel:ase
command as specified inm 3.4.1.2.1., Immediately after veceiving 4 completion
notice from roll=call scheduling, channel control shall send 1in enabling
command to transaction update.

When channel coatrol determines that Mode S scheduling is complete, a schedule
inhibit coumand shall be sent to the ctransmission buffer. This command shall
prevent the transfer of roll-call {interrogation control commands from the
transmission buffer to transmitter/modulatiom control.

In making computations with quantities expressed in time units, channel control
shall recognize the occurrence of overflow. This overflow will occur if the
prediction of a future event (such as an ATCRSS interrogation) leads to a
number which equals or exceeds 524.288 ms, since a time unit {is 16 us and a
time uait word contains 15 bits, exclusive of sign. Channel control shall take
due account of overflow when computing available time and establishing the
times of future events.
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3.4.1.3 Transaction preparation.

3.4.1.3.1 Inputs.—- Transaction preparation shall accept enabling commands froam
channel coatrol. Each enabling command shall contain a new azimuth limit fot
the use of transaction preparation in fetching new targets. Data on new targects
shall be obtained by tramsaction preparation from the carget files, namely, the
surveillance file and the active message lists. All information i{n these files
shall be available to transaction preparatioan when chis function (s enabled.
The survelllance file shall be structured in such a way as to permit a
between=limits search based on earliest likely azimuth. Earliest likely aziguth
is compucted for each roll-call ctarget by the surveillance processing functcion,
as specified in 3.4.6.10.4.3. The pecween~limits search shall make available to
cransaction preparation the contents of both the surveillance file and the
active message file for all targets which are found as a result of the sear:ch.
An acceptable way of structuring the survelllance file shall be a sorting of
targets in the file into azimuth bins. The size of such a bin shall not exceed
16 azimuth units. If this method 1is used, the survelllance file shall be
resorted on earliest likely azimuth upon completion of track updating.

1.4.1.3.2 Outputs.- The major output of transaction preparation is a set of
target transactions blocks, one for each of the targets fetched by transaction
preparation in response to a ‘channel control enabling command. When this task
is complete, transaction preparacion shall assign an old azimuth limit, by
equating it to the current new azimuth limic. The target transaction blocks
produced by transaction preparation shall be made avallable to target list
update whenever the latter fuactiom {s enabled. The interface Dbetween these’
funccions is shown in £ig. 3.4.1-1 as the transaction buffer.

3.4.1.3.3 Fetching new targets.=- When enabled by channel control, transaction
preparation shall execute a between-limits search of the surveillance file,
based on earliest likely azimuth. A target shall be accepted by the search if
its earliest likely azimuth exceeds the old azimuth limit and does not exceed
the new azimuth limit. An equivalent rule shall be adopted if bin=-sorting of
the surveillance file is used. The survelllance file record of each target
accepted by transaction preparation {n this searsh shall be marked as closed by
setzing an appropriate bit. This record shall remain closed (unavailable to
other seasor data processing functions) until the closure bit is reset by data
link processing.

1f a technique is employed which allows for transaction preparation to execute
_more than | 4dode S period ahead of the beanm, look ahead processing shall be
limiced to | sector (l11.25 degrees) ahead of the beanm.

3.4.1.3.4 The target record.- A header for 2ach target transaction block shall
be prepared by transaction preparation. This header is called a target record.
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4 i -- Each target record shall contain the

following information, obtained from the surveillance file:

Mode S address

Acquisition track flag .

Range delay (earliest likely range, 3.4.6.10.4.3) )
Range guard o

Last likely azimuth

Primary indicator (Sensor Priority Status, PS)
Uncormected sensor flag (USF)

ATCRBS ID request (AI)

Capability request flag (CAP)

Mode S lockout indicator (DL)

Broadcast message mumber (3.4.1.6.5.3.7.2)

In addition, each target record shall contain the following information, generated by
transaction preparation or subsequently enabled functions:

4

Range completion
Azimath completion

Target completion
Power-programming control
Remaining tries '

Comm-C state
Comm-D state
SPI flag

& e £ .- The significance of most of the

fields obtained from the surveillance file can be found in 3.4.6.2. The remaining
fields are defined as follows:

(a)
(b)

(e)

(d)

Not Used.

Range completion - Control bit to indicats a_successfu.l range measurement;
inicialized by tramsaction preparation and set by transaction update.

Azimuth completion - Control bit to indicate a successful azimuch
measurement; initialized by transaction preparation and set by transaction
update,

Target completion - Control bit to indicate that no further transactions are
pending.
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(e)

(£

(8

(h)

Power-Programming control - Control bit to enable the use of the high-power
transmitter moda if required; set by transaction preparation and transaction
update.

Remaining tries - Parameter (0-3,l1) regulating number of attempts which will
be made to execute the surveillance transaction (per Mode S period) when a
target fails to reply; set by transaction preparation and used as a counter
by transaction update.

Comm-B state - A variable defining the state of the pilot-originated Comm-B
channel having six values, used and set both by chammel management and data
link processing, copied into the target record from the active message file
by transaction preparation. The state values are the following:

Inactive - No Comm-B activity pending;

B pending, normal - B request detected and Comm-B transaction
prepared for delivery using normal protocol;

B pending, multisite - B request detectad and Comm-B transaction

'~ prepared for delivery using multisite
protocol; _

B busy - Comm-B delivery attempted using mulctisite
protocol but chammel reserved by another
sensor;

Clear B pending, - Comm-B message delivery completed using normal

normal protocol, clear B command prepared but not yet
dalivered; :

Clear B pending, - Comm-B message delivery completed using

multisice multisita protocol, clear B command prepared

but not yet delivered.

Comm-C state - A state variable having five values, used and set both by
charmel management and data link processing, copied into the target record

from the active message file by transaction preparation. The state values are
the following:

Inactive - No uplink EIM activity pending;

C pending, normal - Uplink EIM transaction prepared using normal
protocol but not yet completely delivered;

C pending, multisice - Uplink EIM transaction prepared using multi-
sits protocol but not yet completely
dalivered;

Clear C pending, normal - Uplink EIM completely delivered using normal

protocol. clear C command prepared but not yet
delivered;
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Clear C pending, multisice - Uplink ELM complecely delivered usirz
multisice protocol. clear ¢ comrand
prepared but not yet delivered.

(1) Comn-D state - A scate variable having five values, used and set bozh Bv
channel management and daca link processing, copied into the targec record
from the active message file by transaction preparation. The state -values
are cthe following:

Inactive - No downlink EIM activizy pending:

D pending, normal - Request co send a downlink EIM detec=ec
and transaction prepared using normal
protocel but not yet complecely del:iw-
ered;

D pending, multisice - Request to send a downlink EIM detecced
and transaction prepared using multisice
protocol not yet completely delivered:

Clear D pending, normal - Downlink ELM completely daliverad using
normal protocol, Clear D command noc yect
deliveread;

Clear D pending, multisite Downlink ELM completely delivered using
multisite protocol, Clear D command not

yet delivered.

(J) Acquisition track flag - an indicacor signifying whether a ctargec has been
fully acquired or not: :

Set - Mods S address not yet known and therefore set to all ones
(special case);

Reset - Target fully acquired (normal case) .

J e 1.3 43 pr ord.- Transaction preparacion shall prepare
targec records according to the following rules:

(a) The first 10 fields shall be copied from information in the surveillance
file, as szated in 3.4.1.3.4.1.

(b) Range completion shall be set to incomplets.
(¢) Azimuch completion shall be set to incomplace.

(d) Target completion shall be set to incomplecte.
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(e)

(£)

(8)

(h)

(1)

The predicted range, as given in the surveillance file for cthis cargec.
shall be compared to the system parameter PPMINR (power programming range
threshold). The power programming control bit shall be set to imhibic if
targec predicted range does not exceed the value of the system paramecer
PPMINR, nominally equal cto 3000 (O -16,000, 1,000) range unicts.

Remaining tries shall be equated to the system parameter NTRY whose nominal
value is 2(0-3, L).

The Comm-B, Comm-C, and Comm-D state wvariables shall be copied from =he
active message file data block for this targec. The active message lisc is
specified in 3.4.7.2.4.

The values of these state variables shall then be updated according to the
following rules, using the valuas of the primary indicator and the uncon-
nected sensor flag USF as copied in (a) above:

If the primary indicactor indicaces "yes" (equivilen: to sensor prioricy
status PS=P) but the "no communicacions” flag (3.4.10.3.5.8) is set, this
paragraph shall be executed as {f the primary indicater indicates "no".

If cthe primary indicator indicaces "no" (equivalent to PS=S), the Comm-B and
Comme-D state values shall be changed to "lnactive"., If the Comm-C scace
value is "C pending, normal" or "Clear C pending, normal”, it shall be
changed to "Inactive”. If it is "C pending, multisite”, "Inactive". or
"Clear C pending, multisice”, it shall not be changed.

If cthe primary indicator indicates "yes" (equivalent %o PS=P) and USF = "Q"
(i.e. cormected), all staces shall remain unchanged.

1f che primary indicacor indicates "yes" and USF = "1" (i.e. unconnected),
the following state changes shall be made:

"B pending, normal” shall be changed to "B pending, multisite”.

"Clear B pending, normal"” shall be changed to "8 pending, multisice".

"C pending, normal” shall be changed to "C pending, multisite”.

"D pending, normal” shall be changed to "D pending, multisite”.
All other stats values shall remain unchanged.
It is wuseful for ctransaction preparacion, roll-call scheduling, and
transaction wupdate to define a group of <cen 1l-bit flags which
are collectively called the protocol field. The protoeol field
shall consist of DL (vhich was copied into the target vrecord from

the surveillance file), and nine additional flags derived from <che
three variables Comm-B, Comm-C, and Comm-D stare, as updated in che previous
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step, ctogecher with the primary indicator and che USF flag. The addi=‘cmal
flags are: o :

CBN - Clear B, normal protocsl
CBM - Clear B, mulctisice protocol
CCN - Clear C, normal protocol
CCM - Clear C, mulcisite protoeol
CDN - Clear D, normal protocol
COM - Clear D, mulcisite protocol
RBM - Reserve B

RCM . Reserve C

RDM - Reserve D

These flags shall be initialized %o zero and then set further according co
the following rules:

CBNe=l if Comm-B state = Clear B pending, normal.

CBM=1 if Comm-B state = Clear B pending, multisica.

ClN=l if Comm-C state = Clear C pending, normal.

CQ=1 Lf Comm-C stace = Clear C pending, multisice.

CON=l if Comm-D state = Clear D pending, normal.

COM=]l {f Comm-D state = Clear D pending, mulcisice.

REM=]1 {f Comm-B stace = B pending, multisitas.

RQf=1 either i{f Comn-C scate = C pending, multisits, or
if che primary {ndicator = yes, USF = 1,
Comm-C state = Clear C pending (normal or
oultisice), and there is another uplink
ELM enctry in the active message lisc.

RDM=1 if Comm-D stacze = D pending, multisice.

a2 Comosicion of target transaction blocks.

4 5 z g .- Every target transaction
block shall contain at least one standard tcansaction record. Standard cransactien
records shall contain the following information fields defined in this and subsequant
subparagraphs:

Prioricy

Channel Time

Surveillance transaction indicator
Transaction type

Comm-A entry indicater

Comm-B entry indicator

UM request flag (IMF)

Formac cype (F)

Data-block length (L)



Protocel field

Alcicude/Idencicy designator (Al)

Designacor Identification* (DI)

Reply lengch (RL)

Comm-B definition* (BDS) I

Ground-to-air data link message* (MA) Present for a crans-

Tactical Message Subfield* (TMS) ‘ action containing a
Comm-A interrogazion

*See Mode S National Standard

The information conctained in the first seven items on this list is used by the roll-
call scheduling, transaction update, and cargec lisc updace funccions. The remainmin
icems, begimming with format cType, are inputs to the standard Mode S interrogacicn
format entries assembled per 3.4.1.5.4.4.1. The message fields, MA and TMS, are
present in the standard transaction record if needed, and roll-call scheduling will
supply the remaining interrogation fields. Tranmsaction type identifies bo:zn
interrogation and reply length, and is redundant with data-block length (L) and (when
present) reply length (RL).

It is permissible throughout charmel management to define the accive target list such
that the transaction records contain the pre-formatted message fields as required for
interrogation scheduling. Also, additional fields may be added to the active targec
list to enhance charmel management processing.

3,641,352 Composition of EIM cransaccion records.- An ELM transaction record shall
contain the following informaciom:

Prioricy

Chammel time

Surveillance transaction indicator
Iransaction rype

EIM entry indicater

Length*

Format type (F)

Data-block length (L)

Reply type for Comm-C Intsrrogatioms* (RC)
Segment number of ground-to-air EIM segment> (NC)
Ground-to-air EIM segment* (MC)

*See Moda S National Stcandard

In che case of an uplink EIM cransaction. consisting of N message segments, the final
three fields of information shall each be replicated N cimes, each rtime with
information appropriate to the corresponding segmenc.

In the case of a downlink EIM ctransaction, an addicional field, remaining length,
shall be present. Initially, remaining length shall be set equal to che value of
length. For a downlink ELM which has been partially received on a previous scan.
remaining length will have a smaller value.
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Certain fields shall be the same for all ELM transaction records. These fields
shall be established by ctransaction preparation as follows. Transaction

preparation shall:

(a) Set the surveillance transaction indicator to indicate: no,
(b) Set the format type (F) equal to "l' (i{i.e non-scandard),
(¢) Set the data=-block length (L) equal to 'l' (i.e. long).

3,.1.3.5.3 Sigznificance of transaction record fields.- The following list is
intended to clarify the meanings of the transaction record fields and iadicate
the source of their information coatent.

(a) Priority - A one-bit variable which establishes transaction prioricy;
set by transaction preparation either to high (priority) or low
(normal).

(b) Channel time - An estimate of channel time required for transaction;
used by scheduling and set by transaction prepgration, specified as a
range unit word (3.4.13.3.2).

(¢) Surveillance transaction indicatnr - Set to yes by transaction
preparation for the first transaction to be exescuted when a target
enters the antenna beam; used by transaction update.

(d) Transaction type - One biz of cthis field distinguishes between
standard and ELM ctransactions. The remaining two bits identify types
within each of these classes as follows:

Standard transactions -

Surveillance interrvgacion/surveillance reply.
Surveillance interrogation/Coam=B reply.
Comm=A interruguation/surveillance reply.
Coum—A interrogation/Comm—B reply.

ELM transactions -
Uplink ELM (Multiple Comm—C interrogations/single Comm—D reply).
Downlink ELM (Single Comm-C {nterrogation/multiple
Comx=D replies).

Transaction type Ls set by transaction preparation,

(e) Comm=-A entry {ndfcator = An uplink message {dentifier copied froan the
active message file by transaciion preparation.

(£) Comn=B entry {adi{zator - A downlink message identifier copied from the
active message file by transaczion preparation.
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(3)

(h)
(L)

(1

(k)

(L)

(m)

(n)

(o)

(p)

(g)

(e)

ELM entry indicator = An ELM message identifier copied from the active
message file by transaction preparation.

Length = Number of message segments in an ELM transaction, (1-16, 1).

Format type - Interrogation format d{ndicator; set by transaction
preparation as follows:

Standard transaction : F='Q'

ELM or acquisizion transaction F = 'l'

Data=block length = Indicator - of interrogation length; set by trans-
action preparation as follows:

Survelllance or acquisition intecrrogation L = 'O’

Comm=A or Comm=C interrogation L="'1

Protocol field = The set of ten flags previously defined (CBN, CBM,
CCN, CCM, CDN, CDM, RBM, RCM, RDM, DL); to be set by tramsaction
preparation. '

Altitude/ldentity designator - Control bit specifying whether reply is
to c¢ontain altitude ('0'), or ATCRBS identity ('l'); set by transaction
preparation.

Reply length = Indicator of reply length of a standard transaction; set
by transaction preparation as follows:
Surveillarce reply RL = 'Q'
. Comm=3 reply RL = ']’

Comm=B definition (BDS) - On-board Comm—B message data identifier;
copled by transaction preparacion from the active message 1list for
transaction preparation for transactions containing a Comm—B reply.
This field consists of the two 4-bit subfields BDS! and BDS2.

Ground~to=air data link message (MA) - Message text; copied from the
active message list by transaction preparacion (Comm—A transaction).

Tactical message subfield (TMS) - A control field needed Lo support the
linked Comm—A protocol; copled from the active wmessage list by
transaction preparation (CommrA transaction).

Reply type for Comm=C {nterrogations (RC) = Uplink ELM interrogation
type-code field; copied from the active message 1list by traansaction
preparation (ELM transaction).

Segment number of ground-to-air ELM segment (NC) - Uplink ELM message
segment number; copled from the active message 1list by transaction
preparation (ELM transaction).
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{(s) Ground=to-air ELM segment (MC)= Uplink ELM message text segment; copied
from the active message list by transaction preparation (ELM

traansaction).

(t) Designator identification (DI) = Serves to define the use of the uplink
data field SD.

(u) UM request flag (UMF) - Indicates that the transaction reply contains a
requested Utility Message (UM). It is set by transaction preparation
and used by data link processing in interpreting UM.

3.4.1.3.5.4 Structure of the target transaction block.= A target transaction
block shall consist of a target record and one or more transactlon records.
The target transaction block shall be structured in such a way that the target
record coatains an indicator, called the curreant transaction indicator, which
identifies a single ctransaction record (of the one or more records in the
block). The indicated transaction shall be the next transaction to be
scheduled. Transaction preparation shall set this indicator to identify the
so=called surveillance transaction. In addition, the target transaction block
shall be structured in such a way that it shall be possible to thread through
the transaction records, starting with the surveillance traansaction, 1in the
order in which they are to be executed, as established by transaction
preparation (and specified in 3.4.1,3.6). Each transaction record shall also
contain an indicator, or equivalent, which makes it possible to efficiently
tetrieve the target record of the corresponding target transaction block.

3.4.1.3.6 Preparation of the target transaction blocks.- Transaction prepara-
tion shall prepare a target transaction block for each target fetched
from the target files under cthe rules specified in 3.4.1.3.3. Each target
transaction block shall contain a target record, prepared by transactien
preparation according to the rules and in the form specified in 3.4.1.3.4.
Each target transaction block shall contain one or more transaction records,
composed in the form specified in 3.4.1.3.5.1 and 3.4.1.3.5.2. The overall
structure of the target transaction block shall conform to the formats and
tules specified in 3.4.1.3.5. Transaction preparation shall prepare the set of
transaction records making up a target tramnsaction block agcording to the
rules set forth in the following sceps.

3.4.1.3.6.1 Special case of acquisition track ‘target.- An acquisition track
target, distinguished by having its acquisition track flag set and its Mode S
address equal to all ones, shall be processed differently from other targets.
A single transaction record shall be prepared, containing the following data
values: '
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Priority - shall be set to 'priority'.

Surveillance transaction iandicator = shall be set to 'yes'.
Data block length (L) = shall be st to '0'.
Format countrol (F) = shall be set to 'l’'.
Channel time - shall be set to 'CISS'

(see 3.46.1.3.6.4).

No other fields are required, and no further transaction preparation activities
shall be performed for acquisition track targets. All other targets shall be
processed as described in 3.4.1.3.6.2 through 3.4.1.3.6.10.

3.4.1.3.6.2 Step one.~ Transaction preparation shall prepare a standard
transaction record and enter it in the target transaction block in such a way
that this transaction shall be the first transaction available foc execution
(see 3.4.1.3.5.4). This 1is the surveillance transaction for the corresponding
target transaction block. Each additional transactiom, prepared 1in accordance
~ with the following steps, shall be encered in the target transaction block in
such a.way as to lasure its availability for executiom following the preceding
prepared transaction record. Transaction preparation shall assign the following
fields in the surveillance transaction record:

F (format) - shall be set to '0'.

Priority ~ shall be set to priority.
Surveillance transaction indicator = shall be set to yes.

Al (Alticude/ldentity designator) = shall be set to '0O’.

Protocol field - shall be inicialized to all zeroes.
UMF (UM request) - shall be initialized to 'O'.

DI (Designator identification) - shall be inicialized to '000'.

The protocol field and DI shall then be further set according to the conteats
of the protocol field values in the target record using the following
procedure:

(a) If the ten flags in the prococol field (3.4.1.3.4.3, item (L)) of the
target record are all zero, terminate the procedure.

(b) Otherwise, if all of the multisite protocol flags (CBM, CCM, CDM, RBNM,
RCM, RDM) are zero in the target record and DL=l1 (Mode S lockout used),
copy the value of DL into the transaction record, reset it 1in the
target record, and terminate the procedure.

(¢) Otherwise, 1{f all of the multisite protocol flags are zero 1in the
target rtecord and DL=0 (Mode S lockout not used), copy the Ffirst
non-zero flag from the group CBN, CCN and CDN (taken in that order)
into the transaction record, reset it 1in the target record, and
terminate.
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(d) Otherwise, if one or more of the multisite protocol flags is not zero
aad DI=000, copy and reset all non-zero flags (including DL) unless 1)
CCM and RCM are both equal to one, or 2) RCM and RDM are both equal to
one. In 1), all flags except RCM shall be copied and reset; in 2), all
except RDM. If both cases apply, the rule for case 1) shall be
followed. In any case, if any flags are copied, DI shall be changed to
00l. 1If RBM, RCM, or RDM are copied, UMF ghall be set to 1.

(e) If RBM=l has been copied in 3.4.1.3.6.2 {tem (d), locate the
pllot=initiated entry in the Comm=B sublist of che active message (it
will have all zeroes in the 3DS field) and alter the sublist parameters
so that this message will be handled before any other Comm~B entries

which may be presenc.

(f) Otherwise, if one or more multisite protocol flags are non-zero but DI
is not 000, copy and reset the DL flag only.

3.4.1.3.6.3 Step two.- Traasaction preparation shall examine the Comm-aA
sublist of the active message list for this targec., If this sublist is empty,
transaction preparation shall: :

(a) Enter no information in the Comm—-A entry indicator field.
(b) Set the L bit (data=block length) to 'Q'.
(¢) Provide no MA field (ground=-to-air data link message) or TMS subfisld,

If the Comm—A sublist is not empty, transaction preparation shall:

.(a) Copy the entry indicator of the first Comm~A entry into the Comm=A
entry indicator field.
(b) Set the L bit to 'l'.
(¢) Provide MA and TMS from the indicated Comm=A entry.
(d) Provide an indicator which identifies the next Comm=a entry, if
present, or indicates that the Comm—A sublist is emptied.

Transaction preparation shall examine the CAP flag in cthe target record and the
Comm—B sublist of the active message list for cthis target., If che CAP flag is
set, transactioun preparation shall:

(a) Set the RL bit to 'l'.
(b) Set the BDS field to BDS]l = '0001', BDS2 = 'Q000Q'.

If che CAP flag is not set and the Comm-B sublist 1is empty, transaction
preparation shall:

(a) Enter no information in the Comm=B entry indicator field,
(b) Set the RL bit (reply length) to '0'.
(¢) Eater no informatioa in the B8DS field.
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If the CAP flag is not set and the Comm=B sublist {s not empty, transaction

preparation shall:

(a) Examine the values of BDSl and BDS2 in the £first eantry of the Comm-3
sublist. If these values are all zerces, signifying a pilot-originated
message, and 1f the Comm=B state value {n the target record f{is
"inactive”, then this entry in the Comm—B sublist shall be 1ignored and
the procedure repeated with the next entry, if any. Otherwise, the

procedure shall be completed with the first entry.

(b) If BDS2 is all zeroes, skip items (¢), (d), and (e) of this procedure

and proceed with item (f).
(¢) If BDS2 1is not all zeroes, examine the value of DI
transaction,

for cthis

(d) If DI is not all zeroes, set RL=0, enter no information in the Comm=-3
entry indicator field or the BDS field, and terminate this procedure.

(e) If DI is all zerces, set DI='lll' and continue.
(f) Copy the entry indicator of the first Comm=B8 entry and the BDS

value of

that entry into the corresponding fields of the transaction record.

(g) Set the RL bit to 'l'.

(h) Provide an [ndicator which indentifies the next Comm=B entry, Iif

present, or indicates that the Comm=B8 sublist is emptied.

3.4.1.3.6.4 Step three.- Transaction preparation shall set the transaction
type field to one of the four standard ctransaction types, according to the
definition given in 3.4.1.3.5.3, and depending on the interrogation and reply

-types established in step two.

Transaction preparation shall assign the value of channel time for this and all
subsequent standard transactions 1{n the target transaction block according to

the following rule:

(a) If RL = '0', channel time shall be equated to system parameter
(5) L1f RL = '1', channel time shall be equated to system parameter

The parameter CTSS is nominally equal to 2500 (2000 = 4000, 500) range
The parameter CTSL {s nominally equal to 4500 (3500 - 6000, 500) range

CTsS.
CTSL.

units.
units.

3J.4,1.3.6.5 Step four.- Additional transaction records shall be prepared for

this target ctransaction block, according to the rules specified in

this and

subsequent steps. In any additional transaction record, transaction preparation
shall set the surveillance transaction indicator to "ne” and initialize the UMF

and DL flags to '0'.

Transaction preparation shall examine the target record prepared

for tids

target ctransaction block and if the AL bit (ATCRBS identity request) is set to
'l", transaction preparation shall prepare a transaction record, with AL = 'l',

called an A=transaction.
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Transaction preparation shall set the priority bit to priority for any
A-transaction prepared under these rules. After the preparation of an
A-transaction, in response to the above rules, transaction preparation shall
set the ATCRBS ID request bit to “0°. This bit shall be reinterpreted, when
encountered later by transaction update, as an A-bit flag. The value -0,
present in every target record after transaction preparation is completed,
shall be understood to enable response to an A~bit in a reply. The value “1°
shall inhibit such response, as specified in 3.4.1.6.5.3.4.

A-transaction interrogations and replies wmay contain Comm=A and Comm=B
messages. If the surveillance transaction has not emptied the Comm~A sublist of
the active message 1list, transaction preparation shall include the. next
available Comm—A message text in the MA field of the A-transaction record, if
such a record is prepared. The Comm—A entry indicator and the L-bit shall be
assigned for this transaction record exactly as specified in 3.4.1.3.6.3.

1f the Comm—B3 sublist has not been emptied by the surveillance transaction, the
next available Comm—B BDS entry and its entry indicator shall be included in
the appropriate fields, and the RL bit set to “1°, in the A=-transaction record,
if such a record is prepared. If BDS2 is not all zeroes in such a record, DI
shall be set to “111°. As in 3.4.1.3.6.3, however, a pilot-initiated Comm-B
(BDS1 and BDS2 all zeroes) shall be omitted if the Comm=B statesinactive. If
the CAP flag was set and not handled in the surveillance transaction, it shall
be eligible here. Whenever a Comm~A message or Comm—B nessage request is
included in any transaction, transaction preparation shall update the next
entry indicators of the Comm=A and Comm=B sublists, as specified 1in
3.4.1.3.6.3.

If an A-transaction record is prepared, transaction preparation shall assign
the appropriate transaction type and channel time to the records, according to
the rules specified in 3.4.1.3.6.4. :

3.4.1.3.6.6 Step five.- If the implementation of the four steps previously
specified has not emptied both the Comm—A sublist and the Comm=B sublist of the
active message list, transaction preparation shall prepare a number of standard
transaction records sufficient to empty these sublists by the inclusion of
Comm—A message texts and Comp—B message Trequests. (As before, a
pilot-originated Comm=B message will be passed over if the Comm—~B State=
inactive). In preparing each additiongl standard transaction record,
transaction preparation shall:

(a) Set the priority bit to priority if either the Comm—A message, or the
Comm=B message request, included in the transactiomn record, 1s
designated high-priority; otherwise, the transactiomn priority shall be
set 2o normal. The determination of Comm—A or Comm—B message priority
shall be made using only the high-order bit of the priority field
present in the sublist entry. If this bit 1s equal to one, the
message is high-priority; otherwise, normal. (This procedure maps the
multi-level priority structure supplied by data link users into the
two levels used by channel management.)
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(b) Assign transaction type, the L=-bit, the RL bit, and the channel time
gield according to the presence or absence of Comm—A and Comm—-38
messages and the rules specified in 3.4.1.3.6.3 with changes as noted
below.

(c¢) Set the AI bit to “0°.

(d) 1Initialize DI to “000” and UMF to “0°. Note that DI will be further
set to “111“° in & Comm=B Transactiom with BDS2 # “0000°.

(e) If CAP was set and not handled in a previous transaction, a
transaction shall be prepared with RL = “1°, BDS1 = “0001°,
and BDS2 = “0000°. This transaction may carry a Comm—A uplink.

When all transactions needed to service the Comm—A and Comm=-B sublists and the

CAP flag have been prepared, transaction records pointers gshall be modified, if
necessary, to achieve the following sequence:

(a) The surveillance transaction (with Comm—A or Comm—B or both);

(b) Any additional transactions carrfing high-priority Comm—A or Comm—B
messages, or both (the first of which may be an A-transaction);

(¢) Any additional transactions carrying low-priority Comm—A or Comm—-38
messages, or both.

3.4.1.3.6.7 Step six.- If transactions have been created by steps four and
five, transaction preparation shall prepare a protocol field for each of them,
in the order in which they have been created.

Each protocol field shall be initially set to all zeroes, and shall then be
modified according to the procedures (a) through (£) in step one (3.4.1.3.6.2).
Note that the protocol flag values in the target record which are used in these
procedures will have been modified by step one. Each successive use of the
procedures will result in fewer non-zaro flags remaining in the target record.

If any transaction with priority ® “normal” aoow has either CBN, RCM or coN
equal to 1, its priority shall be changed to "high". The purpose of this
assignment is to ensure that readout of a new pilot-initiated Comm=3B or uplink
FLM message does not precede a pending clearing or multisite reservation of the
corresponding channel.

3.4.1.3.6.8 Step seven.~ If the protocol field in the target record is now all
zeroes, this step shall be omitted. Otherwisa, transaction preparation shall

prepare an additional transaction. In this transaction, the following values
shall be entgred: :
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F=0
L=20
RL =0
Al = 0
Priority = normal

UMF = 0 initially
DI = 000 initially

The protocol field shall be determined as in step six. PFollowing the
preparation of this transaction, step seven shall be repeated as many times as
necessary until the protocol field in the target record is all zeroces.

If any transaction with priority = "normal”™ now has either CBN, RCM or CCN
equal to 1, its priority shall be changed to "high". The purpose of this
assignment 1s to ensure that readout of a new pilot-initiated Comm=B or
uplink ELM message does not precede a pending clearing or multisite reservation
of the corresponding channel.

3.4.1.3.6.9 Step eight. - If both the Coum~C and the Comm=D state values equal
“"inactive”, transaction preparation shall make suitable indication that the
last standard transaction record has completed the target block, and the
remainder of this step shall be omitted. Otherwise, transaction preparation
shall examine the ELM sublist of the active message list for the target whase
transaction block is in preparation, to determine if there are any ELM
transactions eligible for processing. An uplink ELM shall be eligible if it is
the first uplink EIM present in the sublist and Comm—C state value does not
equal "inactive®. A downlink EILM shall be eligible if it is present in the
sublist and the Comm=D state value does not equal "inactive”. If there are no
eligible transactions, transaction preparation shall make suitable indication
that the last standard transaction record has completed the target block.
Otherwise, an ELM transaction record shall be prepared for each eligible EILM
transaction, according to the rules specified herein. An uplink ELM
transaction record, if opresent, shall be arranged for execution before a
downlink ELM transaction record, if present.

Both wuplink and downlink ELM transactions may consist of only one message
segment. Single segment ELM transactions are uniquely identified by length, as
specified in 3.4.1.3.5.3, and they will be treated just 1like standard
transactions by roll-call scheduling.

In preparing an ELM transaction record, transaction preparation shall:

(a) Assign the length field equal to the length field of the corresponding
EIM sublist entry.

(b) Copy the ELM entry indicator from the ELM sublist into the ELM entry
indicator field.

(c) Copy RC, NC, and the message segment text from the ELM sublist into the
corresponding transaction record fields.
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(d) Assign transaction type according to the definitions specified 1in
30‘.103-503.

(e) For an.uplink ELM, assign the priority indicator to “"normal” or
"priority” according to the high—order bit of the user—supplied value
of priority (as in step five). For a downlink ELM, set this indicator
to 'normnl'.

Note that an N-segment uplink ELM will have a transaction record with its RC,
NC, and MC fields each replicated N times.

Transaction preparation shall assign the value CTSL to the channel time field
of any wuplink EIM or single-segment downlink EIM transaction record.
Transaction preparation shall make no assigmment of channel time for a
pultiple-segment downlink transactioun. Chaonel time assignments for
sultiple-segment ELM transactions are not direct estimates of expected channel
occupancy, and are used by roll-call scheduling iz a special way.

3.4.1.3.6.10 Order of transaction records.- Following  creation of all
transaction records required by steps one through eight, transaction record
pointers shall be modified, if necessary, to achieve the following sequence:

(a) A surveillance transaction (exactly onme will be present).

(b) Other standard transactions with high priority (any oumber may be
present).

(¢) An uplink ELM with high priority (at most omne).

(d) Standard transactions with normal priority (any number).

(e) An uplink EIM with normal priority (at most one).

(£) A dowmlink ELM (at most one).

3.4.1.4 Target list update.

3.4.1.4.1 Inputs.- Target 1list update shall accept enabling commands from
channel control. Each enabling command shall contain a cutoff azimuth for the
use of target list update. Upon receipt of this enabling command, target list
update shall fetch the set of target transaction blocks prepared by transaction
preparation during its previous period of activity. The set of target
transaction blocks may be empty 1f, responding to its previous enabling
command, transaction preparation found no new targets to fetch. The interface
between transaction preparation and target list update, shown in fig. 3.4.1-1
as the transaction buffer, shall be organized and managed in such a way that
with each enabling command, target list update is given as input all the target
transaction blocks, or an empty set indicator, available as output from the
last operation of transaction preparation. '

3.4.1.4.2 OQutputs.- The major outputs of target list update shall be:

(a) An updated active target list.
(b) A new released target list.
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The acctive targst list consists of the target transaction blocks of targects currencly
within the antsnna beam and with pending tTansactions. The released target lisc
consists of the target transaction blocks of targets which have either left the
antsrma beam or have no further pending transactions. The structure, composition,
formation or updating of these lists is specified in this subparagraph, 3.4.1.4.

The only other output of target list updates is a notice of completion of its czask.
When its assigned task is completed, target list updats shall send notics of cask
completion to chamnel control. If the active target list is empty after cargec lisc
updace, chen this condicion shall be rsportad in the targec completion notice.

3.6.1.63 _The active tarzet list. - Charmel management shall maintain a list of
targets currently in the anterma beam, with tTansactions prepared ard not yec fully
executed, called the active target list. The active targec list shall consisc of a
listc headsr and a set of target transaction blocks.

4. 1.4 .« The active target list heacder
shall contain the following fields of informatcion:

(a) First target indicator

(b) First target range delay

(¢) Priority chmrmel tima for standard and single segment uplink EIM :rans:c:ions‘
(d) Priority charmel tinme for multiple segment EIM uplink transactions

(s) Normal charmel time for standard and single segment uplink and downlink EIM
transactions

(£) Normal charmel cime for multiple segment EIM uplink cransactions
The significance of these fields is specified in 3.4.1.4.3.3.

Encries (a) to (£) above may be stored in another suitable file for use by charmel
management.

de.ls 2.2 Scxucturm of the active cargee 1i3c.- The active targec list shall
consist of a list header and an ordered set of target transaction blocks. The carget
transaction blocks shall be ordared by the valus of the range delay contained in each
target transaction block headar (i.e., the target rscord). The ordaring shall be in
approximactaly decreasing ordar of range dalay, as specified in 3.4.1.4.5.3. The
active target list shall be sctructured in such a way that it shall be possible oo
thread through the list in the order specified herain, starting with a firsc cargec
and ending with a last cargec.
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WWMW .+ Active ctargec
1ist header flelds shall have the following significance:

(a) The first targec indicator shall provids the location of the carget
cransaction block of the firstc target on the active -target list (if such
a poincer is required by the data structure adopted for the active
target list) or else indicats empCy {f the active target list {s empcy.

(b) The first target range dalay (specified as a range unit word) shall
contain the valus of range dalay contained in the target Trecord of the
first target transaction block.

(¢) The first priority charmel cime (specified as a range wnit word) shall
be the sum of the charmel time valuss of the current priority trans-
action records, excluding uplink EIM transactions of two or more
incomplets segments.

(d) The second prioricy charmel time (specified as a range unit word) shall
be the sum of the channel time required for the current priority uwplink
EIM transactions with two or more incompleta segments.

(¢) Tha first normal charmel time (specified as & rangs unit word) shall be
che sum of the charmel time valuss of ths current normal transaction
records, excluding uplink and downlink ELM transactions of two or mors
incomplets sagments.

(£) The second normal charmel time (specified as & range unit word) shall be
the sum of the charmel time required for the current normal uplink EIM
transactions with two or more incomplets segments remsining.

In these dafinitions, the current transaction is ths next transaction to be exscutad
for each target. The current CtTansaction indicator is sat to ths surveillance
transaction by transaction preparation, and advanced through the set of transaction
records by tTansaction updats, as specified in 3.4.1.6. The charmel Cime sums
raferresd to above are taksn froa the currenc transaction records, one tsrz in the sum
from each target transaction block whose current transaction record qualifies for
inclusion in the sum, according to the above definitioms.
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The second priority and normal charmel times are estimates of the total channel
time required to executs the remaining final and non-final segments of EIM uplink
transactions with two or more segmencs remaining to be completed for each prioricy
class. The cime required for each of the above transactions shall be added to the
appropriate channel time total and shall be computad for each transaction according
to the formula:

CT = CTSL + B0OO(N-1)
The symbols used in this formula shall have the following meanings:

cT uplink EIM charmel time in range units.

CTSL system parameter dafined {n 3.4.1.3.6.4.

N mmber of uplink segments which are currently
incomplects.

If the active target list is empty, only the first carget indicator field shall be
significant.

d4l.6.6 The released cargec 1{sc.- Each time it operates, target list update shall
procduce a released target list, consisting of a headsr and a set of target
cransaction blocks. This list is a major output of charmel management, and it shall
be svailable to surveillance processing and data’ link processing through a suitable
interface. The released target list header shall consist solely of an indicator which
provides the location of the first target transaction block on the list, if such a
pointsr i{s required by the data structurs adoptad for the released target lisc. If
the rsleased target list is empty, the list header shall indicats empty. The released
target list shall be structured in such a way that it shall be possible to thread
through the targst transaction blocks of the targets on the list. The order of the

blocks on this list is not significant. Formation of this list i{s specified in
3.4,1.4.5.1. :

d.4.1.6.0 Oceracion of target 143t updats.- When enabled by charmel comtrol,
target list updats shall operats to: ;

(a) Form a nav raleased targst list.

(b) Updats ths remaining target transaction blocks.

(¢) Marge the new targec transaction blocks into the active target lisc.
(d) Updats the active target list headsr.

(e) Resport completion of its task to charmel comtrol.
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The last subtask has already been specified in 3.4.1.4.2. The remaining subtasks,
(a), (b), (¢), and (d) above, are specified in this subparagraph. The subtasks are
specified separately, although they can be carried out concurrently. Target lisc
update shall be implemsnted to carry out its assigned subtasks efficiently and
concurrently, within an AICRBS/All-Call period. Target list update shall not be
required to updata the active target list if che time between two successive Mode S
periods is less chan the nominal ATCRBS/All-Call period (2.0 milliseconds).

3.46.1.6.51 TFormation of the relsased targeC 1I3T.- Target list update shall remove
from the active target list every target transaction block which meets either of the
following two criteria:

(a) The target completion indicator and the range and azimuth completion
indicators in the target Ctransaction block header (target record) all
indicate that the target is complets;

(b) the valua of the last likely azimuth, found in the same target record, is

smaller than the cutoff azimuth includad in the target list updats enabling

command.
The naturs of the current transaction indicator, which denotas the next transaction
to be execuced, was specified in 3.4.1.3.5.4. The cutoff azimuth shall be understood
to exceed the last liksly azimuth {f the formar indicatss a direction more advarced,
in the clockwise senss, than the direction indicated by tha lattsr, by an amount not
greatar than 180 degrees. Aftar a target transaction block has been removed from the
active target list by targst list updats, that target transaction block shall no
longer be encountsred when threading through the active target list.

The set of target transaction blocks removed from ths active target list by the above
rule shall constituts the itams of the released target list formed by target list
updats in its current period of activity. The released target list icself shall be
formed by the creation, by target list updats, of a rsleased target list headsr, and
a ‘data structurs permitting ths list itams to be accassed in some ordsr.

Transaction updats will have set a completion indicator in the transaction racord of
every successfully executsd transaction (ses 3.4.1.6). The completion indicator, a
single bit, may be added to the transaction record or it may be overwritten on a one-
bit fiald of the transaction record vhich is no longsr needed, such as the prioricy
bit. Whichever option is used, the usage shall be consistant between transaction
updats and target list updats. Target list updats must set the completion indicacors
of all non-executsd transactions to incomplets, according to the rules specified in
this subparagraph.
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Target list update shall set the completion indicator to {incomplete in the
current transaction record aad any succeeding transaction Trecord for each
released target transaction block. The structure-specified in 3.4.1.3.5.4 for
target transaction blocks permits target list update to access the unexecuted
transaction records in the order of their intended execution.

Many fields of information in both target records and transaction records are
of no significance to the subsequent wusers of the released target 1list. This
fact may be utilized in restructuring the completed transaction records. The
following fields of information, however, shall be preserved by target lisc
update:

(a) Target record fields:

Mode S address

Range delay

Target completion

Range completion
Azimuth completion
Commr=B state

Comm=C state

Comm=D state

Primary indication
Unconnected sensor flag

(b) Standard transaction record fields:

Completion indicator
Transaction type
Com—A entry indicator
Comm=B entry indicator
Uplink fields RR, DI
UM flag

Protocol field

(¢) ELM transaction record fields:
Completion indicator
Transaction type

ELM entry indicator

In addition, target list update shall preserve all reply pointers assoclated
with transaction records by transaction update, as specified in 3.4.1.6,3.
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3.4.1.6.5.2 Updacing target records.- Target list update shall select, fronm
the target transaction blocks remaining in the active target list, cthose for

which:

(a) The ctarget completion indicator 1{in the ctarget record indicates
“"complete”, and

(b) Eicher one or both of the range or the azimuth completion Indicacors
in the target record indicates “"incomplete”,

In these target records, tacrget list update shall set the target completion
indicator to indicate incomplete. This action 1s a part of the regulation of
reinterrogations to targets. Other parts of this regulation are specified in
3.4.1.6.5.2.

3.4.1.4.5.3 Merging new targets into the active target list.~ The active tar-
get list, bafore cthe operation of target Llist updace,  is ordered in
approximately decreasing order of the value of each target's range delay. The
definition of this approximace ordering is as follows. Let T; and T; stand for
two target transaction blocks on the active ctarget list. Also, let D; be the
range delay contained in the header of T,, while 07 is the range delay
contained in the header of T,. ILf the values Dy and D; satisfy the relacion

Dy < Dy = ALRL..

where ALRL i{s a parameter, then T; shall follow Ty in the active target list
ovrder. The value of ALRL shall be 64 (0-256, 32) range units. £ Dl and Dy

satisfy the relation
D; < Dy = ALRL,

then Ty shall follow T; in the active target list order. Lf neither of the
above relations is satisfied, the order of the transactions may be arbitrarily
assigned. The intent of this specificaction is to facilitate the speedy
reestablishment of order when new targets are merged inco the active targec
list. One way to achieve an appropriate ordering of the kind defined here is
by the use of an ordering algorithm, with one or more of the low-order bits of
the range delay word masked.

The approximate ordering of the active target list is clearly not affected by
the removal of target transaction blocks. Targer list update shall add the new
target transaction blocks to the active target 1list In such a way that the
augmented active targert list is approximately ordered in the sense defined
above. The specified structure of the active target list shall be maintained
by target list update, so that, after the removal of target transaction blocks
and also after the addition of new target transaction blocks, the active
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target list is properly structured. The active ctargec list is properly
structured i{f it is possible to thread through the target transaction blocks on
the list in approximately decreasing ordar of range delay.

An acceptable way of accomplishing the addition of new carget transaction blocks
is the techniqus of first establishing the dasired order among the new target
transaction blocks, and then merging the new blocks with cthe existing active
target list whils preserving ths dasired order.

The active target list may be range ordered by decreasing rangs dalay or ranged
ordered by decreasing range delay dividad by two (one way range).

lsl656 Undacing the active targec 1isc header.- The process of updating
the active target list by removal of ctarget transaction blocks and merging of

nev blocks, as specified above, will inevitably identify a first target of the
updated list. Target list updats shall place this first carget transaction block
in ths proper relationship with the active target list header. The location of
the f£irsc cargst transaction block shall be entared in the first cargec
indicator. If the updated active targec list is empcy, the firsc ctarget
indicacor shall indicats empcy. If the updatad active target list is not empcy,
target list updace shall updats the remaining active target list headar fields,
according to the following rules:

(a) The rangs dalay of the first target transaction block (contained in the
target record) shall be entsrsd in the first carget range dalay fileld.

(b) Target list updats shall sua the charmel time valuss of the current
transaction 7Tecords of all priority transactions, excluding EIM
trasactions of two or more incomplets segments, on the active target
lisc. The £irst prioricy charmal time shall be equated to this sum.

(e) Target list updats shall sum the chammel time required for the current

: priority EIM uplink ctransactions of two or mors incomplets segmencs
according to the formula specified in 3.4.1.4.3.3 and shall assign chis
valus to the second prioricy charmel time field.

(d) Target list updats shall sum the charmal time valuss of the current
transaction records of all normal transactions, excluding downlink and
uwplink EIM transactions of two or mors incomplets segments, on the
active target list. The first normal charmel time shall be equatsd to
this sum.

(e) Target list updats shall sum the charmal time required for the current
normal EIM wplink transactions of ©wo or mors incomplets segments
according to the formula specified in 3.4.1.4.3.3, and shall assign
this valus to the second normal charmel time field.
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3.6.1.5 Roll-call scheduling

3.4.1.5.1 Iopucs.- Roll-call sch.du.ung shall accept enabling commands from -
charmel contTol. Each enabling command shall comtain a schedule start (SS) time
and an available tims (AT), as specified in 3.4.1.2.5.

A second input to roll-call scheduling is the active targec lisc, which will
have been processed by target list updats or tTansaction update. As specified
in 3.4.1.4.3, the active target list is structured in such a way that roll-call
scheduling can thread through the target transaction blocks of the targets on
the list, encaumcaring targets in approximataly dscreasing ordaer of range
delay. Scme targets on this list may have had all preparsd transactions
exscutad, with no transactioms pending. The completed nature of such a target
shall be evidanced to roll-call scheduling by the target completion indicacor
in that target’'s target record, as specified in 3.4.1.6.5.3.12. The ctarget
record (i.e., the target transaction block headar) of a target with ome or more
pending transactions always contains a cuwrrent transaction indicacor which
identifies and locates the transaction record of the pending transaction. Roll-
call scheduling can thersfors pass through the blocks on tha active target
lisc, can pass over completed targets, and can hsve svailable for all other
targets boch the target record and ths transaction racord of the next
transaction to be exscutsd as well as subsequant transactions. For brevity of
dascripcion, the tsrm “active record list” shall bse undsrstood to asan a list
containing that portion of the information contained in the active target lisc
which is of direct and immediate use to roll-call scheduling. The active record
list shall contain one {tam for sach non-cowpletsd targec on the active target
.list. An active rescord list itam shall consist of a target record and the
indicared ourrent transaction record for the corresponding target. The active
racord list is an abstraction, not a file; the concapt is used for the concise
dascription of the subset of the records constituting thes active target list
which ars actually used at one tims by roll-call scheduling. The itsms of the
active record list shall be visualized as ordered exactly as the corTesponding
target transaction blocks ars ordarsd on the active target list.

The final irput to roll-call scheduling i{s a set of high-power flags, prespared
by transaction updata for certain targets in tha active target list.

2.8.1.5.2 Outouts.- The amjor outputs of roll-call scheduling are:
(a) A list of interrogation control commands.

. (b) A list of reply contzol coumands.
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The interrogacion control commands produced by roll-call scheduling shall be
sent to transaitter/mocdulaction control through the transmission buffer. The
reply control commands produced by roll-call scheduling shall be sent to the
Mods S reply processor through the same buffer. The rsleass of thess commands
from the buffer {s controlled by chammal control.

The remaining output of roll-call scheduling is a completion notice. Upon
completion of its assigned task, roll-call scheduling shall send mnotice of
completion to chammel control. The complstion notice shall contain tha schedules
erd tims.

.6.1.35.3 Allocation,

141,531 Principles of allocgtion.- Roll-call scheduling is responsible for
the preparation of a schedule of interrogation and reply listening periods
which fits within the available time. The process of selecting the targecs,
from among those represented on the active record list, which will be included
in the output schedulas is called allocation. The preparation of a schedule for
the qualifying targets is called scheduling. For the first schedule of a Moda $
period, allocation is accemplished as follows:

(a) A preliminary computation, called the allocation computation, is
carried out before scheduling begins.

(®) A target selection process is than carried ouz, concurrently with
scheduling itself. .

(¢) An allocation camputation for the next schedule, called a predicted
allocation, is then carried out.

For each subsequant schedule within a Mods S period, stap (a) is cmittsd, and
staps (b) and (¢) are performed. As {irput to stap (b), the previously
calculated result of scap (¢) is used. )

In ordar to specify the rules of allocation concisely, it is expedient to
introduce socme new dafinitions.

For allocation purposes, transactions fall into five distinct classes, which
shall have the following significanca:

(a) Class one consists of priority transactions other than multi-segment
EIM’s. All class ons transactions are priority standard transactions
or single-sagmant prioricy uplink EIM transactions.

(b) Class two consists of priority uplink EIM transactions having two or
moTs segmants. '
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(¢) Class three consists of normal (l.e., nonpriority) standard
cransaccions snd single-segmant normal EIM transactions, either uplink
or downlink.

(d) Class four consists of normal uplink EIM transactions consisting of two
or mors segments.

(e) Class five consists of downlink EIM transsctions consisting of twe or
mors segments.

It should be observed that ths two priority charmel ctimes and two normal
charmel times contained in the active target list header correspond to the
suns of the charmel time valuss of cthe class ons, two, three, and four
cransactions, rsspectively, of the targets on the active record lisc.

An output of the allocation computacion, specified in 3.4.1.5.3, is an

allocation level, ranging from zaro through five. The significance of thease
levels is as follows: _

(a) Lavel zero: Thers is insufficient svailable tims for any further roll-

call schedule, or elss there ars no targecs vith pending transactions

on the active target list. .

(b) Lsvel oms: Thers is available time for scms or all class one

transactions arxi no more.

(¢) lavel two: Thers is svailable time for all class one and soms or all
class two transactions, and no more.

(d) Level three: Thars is svailable time for all class one and class two
transactions, and for soms or all class cthres transactions, and no
more.

(e) Lsvel four: Thers is availsble time for all class one, class two and
class three transactions, and for soms or all class four transactions,
ad ne more.

() Llavel five: Thers {3 svailable tims for all class one, class two,
class three and class four tTansactions, and for some or all class five
transactions.

Anny level except level zsro mey have ona class partially qualified for
scheduling. The qualification of ind{vidual ctargecs in this class is based

upon the remaining output of the allocation computation, the so-called
residual tims.
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3.4,1.8.3.2 The allocation compucaticn.- If thers are no cargecs with pending
transactions on the active targec list, roll-call scheduling shall set the
allocatsd level to zero; otherwise roll-call scheduling shall computs an
overhead time, according to the formula:

OT = RD + OTP.
The symbols in this formula shall have the following meanings:

oT Overhead tine
RD First target range delay, found in
the active target list hesader
ar? System paramecter, 1000 (0 - 5000, 1000) rangs units

Roll-call scheduling shall next computs a residual time, according to the
formula

RT = AT - OT.
The symbols in this formula shall have tha follavingmantnp:

RT Residual time, in range unics
AT Available time, input from chammel contrel, in rangs units
oT Overhead tims, specified above.

In this and subsequent computations imvolving svailable time, dus account shall
be takan of the overflow indication which may have accompanied ths asvailable
time value recsived from charmal concrol.

Roll-call scheduling shall next dscermine the allocation level according to the
following procedure:

(a) If RT (residual time) is negative or zaro, the allocation level shall
be set to zero and the procsdure shall be terminated.

(b) 1If RT does not exceed the first priority charmel time, cthe allocation
level shall be set o one and the procedure shall be terminaced.

(¢) If RT does exceed the first priority charmel time, then chat chamel
tizas shall be subtracted froa RT, and the rassult redafined as RT. The
procecure shall be contimad.
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(d)

(@)

€3

(g

(h)

(L

1£ RT, as redafined above, does not excsed the second priority charmel
tims, the allocation level shall be set to two. The procedure shall
then be terminscted.

If RT does exceed the second priority charnel time, then that charmel
rime shall be subtracted from RI, and the resulc redefinad as RT. The
procedure shall be contirmed.

If RT does not exceed the first normal charmal time, the allocation
level shall be set to threse and the procedurs tarminated.

1f RT does excesd the first normal charmel time, then that chamesl time
shall be subtracted from RTI, and the results redefined as RI. The
procedurs shall be contimuad.

1f RT does not excsed the second normal charmel time, the allocation
level shall be set to four. The procedurs shall then be terminated.

If RT does excesd Che secord normal charmel time, then that channel
cima shall be subtractad from RT, and the results redefined as RT. The
allocation level shall be set to five and the procedurs tarminatad.
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THIS SPACE INTENTIONALLY UNUSED.

4 .« For the first schedule of a Mode S period, roll-
call scheduling shall select targets for scheduling in accordancs with the
allocation lsvel just detsmined. For subsequant schecdules, targets shall be
sslectad in accordance with a predictsd allocation level, as defined in
3.4.1.5.3.4. In either cass, selection shall be performed as follows:

(a) Lsvel zero: Roll-call scheduling shall send a notice of completion to
charmel control, indicacing that no scheduls is output. Charmal control
shall respond as specified in 3.4.1.2.5.
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(b)

(e)

(d)

(o)

(e

tevel one: Roll-call scheduling shall dasignate all-transactions except
class one transactions as unqualified for scheduling. All class cne
transactions shall be designated as qualified.for scheduling. . ..

level two: Roll-call scheduling shall dasignace amy and all class one
tTansactions as qualified for scheduling, and shall designace any and
all class three, class four and class five transactions as unqualified
for scheduling.

Class two transactions shall be individually selscted for scheduling in
conjunction with and concurrencly with their scheduling by roll call
scheduling.

Lavel threse: Roll-call scheduling shall designats any and all class one
and class Cwo transactions on the active racord list as qualified for
scheduling, and amy and all class four and class five transactions as

{ed for scheduling. A class three transaction shall be desig-
nated as qualified if RT exceeds the transaction'’s charmel tine value.
1f so, the charmel ctime shall be subtractsd from RT, and the resulc -
redafined as RT. If not, the transaction shall be designated as un-
qualified for scheduling.

Level four: Roll-call scheduling shall designacts amy and all class one,
class two, and class three transactions as qualified for scheduling and
any and all class five transactions as nqualified for schaduling.
Class four transactions shall be individually selected for scheduling
in conjunction with and concurrencly with their scheduling by roll call

scheduling.

lavel five: Roll-call scheduling shall designats any and all class one,
class two, class three, and class four transactions as qualified for
scheduling. Class five transactions shall be individually selected for
scheduling in comjunction with and concurrently with cheir scheduling
by roll-call scheduling, as specified in 3.4.1.5.4.5.

1.4.1.5.3.6  Next schedule allocation.- Following target selection for the

current schecdule (either immediataly aftar exacuting the scheduling function
3.4.1.5.4 or comcurrently with it), a predictad allocation lsvel for the next
schedule shall be computsd. The basis for the prediction shall be the
assumption that all transactions included in the curTent schedule are

completad,
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To. computs the predictsd allocation leval, the procedures of 3.4.1.5.3.2
shall be followed with the following changes:

(a) For each target which has qualified for inclusion in the current
scheduls, the pending transaction shall not be the one indicatad by the
current transaction indicator but rather the next one listed (if any).

(b) Updated valuss shall be used for RD (first carget range delay) and AT
(available tima) to computs an updated valus of RT (residual time).

(¢) The rule in (a) shall be followed to computs updated values of firstc
and second priority and first and second normal chammel tcimes.

The resulting valus of predictad allocation level shall be available for use
in carget selection for the next scheduls.

361,56 Scheduling,

361,561 Principles of scheduling.- The sequance of interrogation
transmission and reply listening period start times produced by roll-call
scheduling, viewed as events on the Cime line, {3 called a scheduls.

A scheduls consists of intsrrogations addressed to a particular set of
targets arx axpectsd rsplies from the same set of targets, in the same ordar.
Within a schecdule, the set of intsrrogations and replies ars broken inco
groups sach comprising a string of intarrogations followed by a string of
replies, if nacessary in ordar to scheduls incarrogations and replies on a
non-overlapping basis. These two stTings, ths intsrrogations and replies,
constituts & self-contained portion of ths scheduls which is called a cycls.
A schedule consists of an intsgral mumber of cycles.
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|}4} 5&2-No:0ud.'

THIS SPACE INTENTIONALLY UNUSED.
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3.6.1.54,2 (continued) - Not used

THIS SPACE INTENTIONALLY UNUSED.
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3.4.1.5.6.3 Cogposiction of che pain scheduls.
3.61.5631 Svmbol definitions.- The symbols listed below shall be under-

stood to stand for the mumerical values dafined hers when refersnced. all
valuss are in range unicts.

(a) ILS = 316 S56-bit i{nterrogation length (19.75 usec)

(b) ILL = 540 112-bit interrogation length (33.75 wsec)

(¢) RLS = 1024 56-bit reply length (64 usec)

(d) RLL = 1920 112-bit reply length (120 usec)

(e) RRP = 2176 Repecition period of downlink EIM replies (136
& sec)

(£) RDT = 256 Downlink EIM reply spacing (16 wnsec)

(g) TRD = 2124 Normal transponder raply de

lay, measured from the
beginning of the Pl pulse (132.75 wsec)

The length of a downlink ELM transaction shall be denoted by NSEG.

el 56,232 Definicion of ctemms and scheduling steps.- The word schedule,
used as a verb, shall signify the following two processing steps, with referencs
to & single target: :

(a) The computation of the interrogation transmission time and the reply
listening period start time for the target as parts of a roll-call
schedule.

(b) The preparation of intarrogation and reply control commands for the
target, including the times referenced in (a) above.

These staps shall be carried out for each target included in the schedule, in
the ordsr in which the targsts appear in the active record lisc. Every target
wvhich has been qualified or partially qualified for scheduling, according to the
rules specified in 3.4.1.5.3, shall be included in the schecdule. In addition,
targets with current transactions of the multi-segment downlink EIM type and
class 2 and 4 uplink ElMs shall be subjectsd to a test for qualification befors
scheduling, as specified below {n 3.4.1.5.4.5.

The roll-call main schedule produced in accordance with the rules specified
herein always consists of & sequence of cycles, as dafined in 3.4.1.5.4.1. The
preparation of a schedule cycle consists of two logical staps, as follows:

(a) The schaduling of ths first target in the cycle.
(b) The iterative scheduling of successive targets in the cycles.
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The computation steps corresponding to these logical steps are different from
one anocher. The step described as (b) above, always involves fetching a new
qualified ctarget and testing to see 1if it can be included in the cyecle under
preparation. If such a target cammot be included in the current cycle, as
determined from rtules specified in 3.4.1.5.4.4.2, then that target shall be
scheduled as the firsc targec of ths next schadule cycle by roll-ecall
scheduling. The first schedule cycle shall begin with the firstc qualified target
on the active record lisc.

Roll-call scheduling shall detsrmine a cycle start time and a cycle end time for
each schedule cycle. The cycls end tims shall be equated to the end of the reply
listening period corresponding to the last target included in the cycle. Reply
listaning period start and end times are computsd by roll-call scheduling as
each target is scheduled. Roll-call scheduling shall equacte the cycle start time
to the main schedule start time for the first schedule cycle, and to the cycle
end time of ths preceding cycle for subsequant schedule cycles.

Roll-call scheduling shall regulate the use of the high power moda of
intarrogation. The target record in each target transaction block contains a
bic, P, which indicates whathar or not high power has been rsgquasted (by
transaction updats) for the next transaction for chis target.

4 4
: .= In allocation levels ons, two, thres, or four, each targec is
alrsady either qualified, partially qualified, or unqualified as a reasult of the
allocation computation. No multi-segment downlink EIM transactions will be
pending for targets to be included in the scheduls. Targets shall be included in
the main schedule in accordance with the rules and ordering specified in
3.4.1.5.4.3.2. The scheduling process is carried ocut in stsps, as follows:

6.l 5.6.6) Step one (First transaction in a cycle).- Roll-Call scheduling
shall: :

(1) Detarmine a cycle start time, T. This ctime shall be determined in
accordance with the procedurs specified in 3.4.1.5.4.3.2.

(2) Fetch the first target to be included in the current cycle from the
active rscord list. Obtain the following information from the active
record list for this target and assign symbols as shown:

Mods S address D
Rangs dalay RDEL
Rangs d BRGD

guar
High-power flag P (onw=1l)



-86a- FAA-E-2716 & AMEND. -2
SCN-11 (Change 17)

(5) Asssable the current uplink message, designatad MESS, as shown in Table
3.4.1-1, and as detailed below:

(a) Assign MESS Uplink Format (UF) fleld bics as follows:

UE_Bic Valus

Interzogation Tvpe by 2 2 [ 2
Mode S-Only All-Call 0 1 o} 1 1
Surveillance-Altituds 0 o] 1 0 0
Surveillancs-Idantity 0 0 1 0 1
Comm-A-Altitude 1 0 1 0 0
Coom-A-Identity 1 0 1 0 1
Com-C (ELM) 1 1 - - -
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TABLE 3.4.1-1

FIELDS OF MODE S INTERROGATION MESSAGE, MESS

Interggg;:ion Type Flelds

Mode S-Only All-Call (56-bics) (UF:5)(PR:4)(1I:4) (-—=19 zeroes==)(AP:24)

Surveillance for Altitude (UF:5) (PC:3) (RR:5) (DI:3) (SD:16) (AP:24)
(56=bits)

Surveillance for Identity (UF:5) (PC:3) (RR:5) (DI:3) (SD:16) (AP:24)
(56=bits)

Comm=A for Alcitude (l12-bits) (UF:3) (PC:3) (RR:S5) (DI:3) (SD:16) (MA:56) (AP:24)

Comm—A for ldentity (112-bits) (UF:5) (PC:3) (RR:S) (DI:3) (SD:16) (MA:56) (AP:24)

Comm=C (ELM) (TI) (RC:2) (NC:4) (MC:80) (AP:24)

Where (see Mode S National Standard for significance and definition of subfields):

AP = Address/Parity - PC = Protocol
DI = Designator Identification PR = Probability of Reply
Il = Interrogator Ident. RC = Reply control
MA = Megsgage, Comm—A RR = Reply Request
MC = Message, Comm-C SD = Special Designator
NC = C-Segment No. UF =» Uplink Format
Assigned fields are shown thus: (___), the number after ":" indicating the

number of bits used.
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Assign MESS protocol (PC) field bits according to the values of
certain traasaction record protocol flag values, as follows:

PC Bit Values

CEN elon N DL 6 71 8
1 0 0 - 1 0 0
0 1 0 - 1 0 1
0 0 1 - 1 1 0
0 0 0 0 o 0 O
0 0 0 1 o o0 1

1f, however, DL=l1 and a global parameter is set indicating that the
site-addressed lockout mode is in effect, the preceding table shall be
used as if DL were set to O. If this case applies and DI=000, DI shall
be changed to 001. ‘

(e)

(d)

Assign MESS Reply Request (RR) field bits as follows:

o |p

RR bit values:

ms1 s 1001 12 13
- o 0o 0o o0 O
X1 X9X3X 1 X X9 X3 %4

Assign MESS Special Designator Data (SD) field bits, numbered
17-32, as follows:

(1)

(11)

(414)

Regardless of the value of the DI, SD shall contain the
subfield IIS (bics 17-20). Rules for setting IIS are
given in (v) below, to be exscuted after the setting of the
other SD subfields as defined in (ii) through (iv).

1f DI=000, and L=0, the remainder of SD is not used (set %o
all zaroces). 1f DI=000 and L=l (Comm=—a), DI shall be
changed to 001 and the procedure of (1ii) followed.

1f DI=001l, SD contains the subfields MBS (bits 21-22), MES
(bits 23-25), LOS (bitc 26) RSS (bits 27-28), and TMS (bits
29-32), as defined in the Mode § National Standard. Each
subfield shall be set as follows:

MBS: Protocol Flags MBS
RBM C3M 21 22
0 0 0 0
1 0 0o -1
0 1 1 0
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MES: Protocol Flags R MES
' RCM CCM RDM CDM 23 24 25
0 0 0 0 o 0 0
1 0 0 0 0 O0 1
0 1 0 0 0 1 0
0 0 1 0 0 1 1
0 0 0 1 1 0 0
1 0 0 1 1 0 1
o] 1 1 0 1 1 0
0 l 0 1 1 1 1

LOS shall be set to 1 if a global parameter is set
indicating that the site-addressed lockout mode is in
effect; otherwise LOS=0.

RSS: Protocol Flags RSS
REM RCM RDM 27 28

0 0 0 0o 0

1 0 0 0 1

0 1l 0 1 0

-0 0 1 1 1l

™S shall be set to all zerces if L=0. If Lal, TMS shall
be set equal to the value of the TMS field stored in the
transaction record (3.4.1.3.5.1).

(iv) 1If DI = 111, SD contains the subfields RRS (bits 21-24),

LOS (bic 26), ™S (bits 29-32), and spares in bits 25, 27,
and 28. : :

RRS shall be set equal to the value of BDS2. LOS and TMS
shall be set as in (iii) above.

(v) Setting of the IIS field shall depend on the value of a
site~adaptable global parameter defined for this pur-
pose, as follows:

Global DI IIs
Parameter Value (Bits 17=20)
1 All 4=bit sensor identity code
values
0 000 All zeroes
0] 001 All zerces if all SD subfields

other than TMS are all zeroes;
otherwise, sensor ID code

0 111 All zeroes 1if subfield LOS=0;
otherwise, sensor ID code
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(e) Assign MESS Designator Identification (DI) field bits, numbered
14-16, the current value of DI.

(£) Assign MESS Comm—-A Message (MA) field bits numbered 33-88, with
the MA data contained in the transaction record.

(g) Assign MESS Address/Parity (AP) numbered 33=56 (for L=Q) or
89-112 (for L=l) in accordance with the Mode S Natiomnal
Standard, using the value of Mode S address in the target
record. For the Mode S =-Only All-Call, UF=01l0ll, this value
shall be all ones.

"This space intentionally unused.”
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(h) Assign MESS Probability of Reply (PR) field bits, numbered 6-9,

(1)
| ()

(k)
(1)

(m)

according to the value of the system parameter reply probability
(3.4.12.8):

PR
Reply Probabilicty 6 7 8 9
1 0 0 0 O
1/2 (neminal) 0 0 0 1
1/4 0 0 1 O
1/8 0O 0 1 1
1/16 0 I 0 0

Assign MESS Interrogator Idemntification (II) field bits, numbered
10-13, with the 4-bit identity code assigned to the local sensor.

Assign each MESS bit numbered 14-32 the value of "0" 1if the
Interrogation Type equals "Mode S-Only All-Call”.

Assign MESS Reply Comtrol (RC) field bits, numbered 3-4, with the
RC data corresponding to the appropriate ELM segment contained in

-the transaction record. -

Assign MESS Number of C-Segment (NC) field bits, numbered 5-8,
with the NC data corresponding to the appropriate ELM segment,
contained in the transaction record.

Assign MESS Comm=-C Message (MC) field bits, numbered 9-88, with
the MC data corresponding to the appropriate ELM segment,
contained in the transaction record. .

(6) Prepare an interrogation control block in accordance with the
specification in 3.4.2.1, assigning the fields as follows:

(a)

(b)

(e)

(d)

The control block designator shall be set to Mode S roll-call
transaission for all interrogations including Mode S=oanly
All-Call interrogations used for stochastic acquisitionm.

The length bit (1) shall be set to “0” if the transaction type
{ndicates a S56=-bit incerrogation, or to “1° 4if the 112-bit
interrogation is indicated. :

The transmitter power coatrol bit shall be set to “0° if P = 0°.
The bit shall be set to “1” if P = “1°7.

The interrogation transmission time shall equal T.
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() The intsrrogaction message shall equal MESS.

(£) If che intarrogation being prepared is for a non-final segment of an

uplink EIM, roll-call scheduling shall proceed as follows, otherwise
continus with (7) below:

(1) Add the valus 800 rangs units to the incerrogation transmission
cime. The sum shall be denoted SET.

(44) If SEI, as defined above, does not exceed schecdule limi:, cthe
interrogation control command shall be sent to the transmission
buffer, T shall be set equal to SET, and the scheduling process
shall contimus wvith (5) above.

(£14) If SET, as defined above, exceeds schedule 1limit, tche
intarrogation control coomand just prepared shall not be cutput by
roll-call schaduling, and the schedule shall ctarminacse. The
schadule end time shall be setc equal to ths curranc valua of T.
Roll-call scheduling shall then send notice of complecionm,
including the schedule end time, to charmel contrel.

(7) If cthe intarrogation {s not a final uplink EIM, cthen prepars a pair of
Tecslver control blocks in accordance with the specificacion in 3.4.2.1,

(a)

®)
(e)
(d)

(a)

Hn

(8

(h)

Set Moda § Reply Process enable of che firstc bleck to ‘l’ and of che
second block to ‘0’

Set ATCRES Raply Processor enable for boch blocks to ‘0’.
Set the Mode S All-Call indicator of the first block to ‘l’.

Set tha Moda S expectad message length of the first block o ‘0’ for a
56 bic message and t ‘l’ for a 112 bit message.

Set the tims the comand (s =0 taks effect for the firsc block oo
LeT+ RDEL.

Set the tims the command (s to taks effact for the second block to
T + RDEL + RCD.

Set for bocth blocks the Expected target address to ID if not a Mode §
only all call interrogation, or to the 4-bit {dentiCy cods of the sensor
{f a Moda S only all call intsrrogation.

Set for both blocks tha Mods S only all call indicazor to '1'.

(8) Detarmine whether ths scheduling time limic has been reached as follows:

(a)
(®)

Establish a cycle test time, by equating {t to the current value of L.

Computs the sum of che quantities RCD and REPL.
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(¢) Add the sum computsd in (b) sbove to the current value of L.
(d) Assign the valus of the sum computed in (¢) above to the variable SET.
(s) Compare the valus of SET obtained in (d) above to the schedule limit.

(9) Taks the following action based on the computsd valus of SET:

If SIT exceeds the schedule limit as detsrmined in (e) above, the prasent
interrogation shall not be qualified for scheduling, and the schedule shall
tarminats. The schadule end time shall be squated to the current valus of T.
Roll-call scheduling shall send notics of completion, including the schedule
end tins, to chmuml control. If SET does not exceed the scheduls limic,
roll-call schaduling shall:

(a) Send the intsrrogation control command to the transaission buffer and
set tha intsrrogation tast tims equal to tha sum of T and INTL.

(b) Send the corresponding reply comtrtol command to the transmission buffar.

(¢) Procsed with the preparation of the current cycls, as specified in
3.4.1.5.4.4.2.

d41.2.6,62 Scgo two (Subsequant tzansactions in g cvcle).- Roll-call scheduling -
shall fecch the naxt target on the active record list to be included in the scheduls.
If thare ars no further targsts to be scheduled, roll-call scheduling shall equacs
schedule end tims to SET and send notics of completion, including the scheduls end
time, to charmsl comtrol.

If further targets remain to be scheduled, roll-call scheduling shall assign valuss:
to the following quantitiss, from information contained in the appropriasta target
rtecord and current mtion record:

(a) D

(b) RDEL

(e) RGD

(d) (oot used)
(¢) P

(fH DL

(g) REFL

(h) MEst

'smc dafinition and rules of assigrment of these quantitiss shall be as speciflied in
.4.1.5.4.4.1.
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1£ che transaction being scheduled is a class 2 or class 4 wlink EIM, and RT is
greater than zero, then set RT equal to the current valus of RT minmus CTSL. If
RT is less than zero, thean the transaction i{s not qualified for scheduling and
the scheduling process shall procsed. If RT is greater than zero, k shall be set
equal to the incteger valus of RT divided by 800: If. k is less than the remaining .
length, then k non-final segments shall be qualified for scheduling and RT sec
to zare. If k is gresater than the remaining length, then all pending non-final
segmencs for the current transaction are qualified for scheduling and RT shall
be raset according to the following formula:

RT = RT - (remaining length * 80Q)

If the incerrogation currently being scheduled is a non-final segment of an
uplink EIM transaction, roll-call scheduling shall then:

(a) Assign the intsrrogation time (T) equal to the current valus of
incerrogation test time.

(b) Reset intarrogation tast time by adding 800 range units to the valus
used in (a) above.

(¢) 1f the current valus of intsrrogation test time sxceeds cycle tast time,
proceed as follows:

(1) Exclude the present interrogation from the cycle under
preparation.
(2) Assign the cycle end tims, by equating it to the valua of SET.

(3) Assign the next cycle start time, according to the rule specified
in 3.4.1.5.4.3.2.

(4) Scheduls the pressent intarrogation as the first incervogacion of
ths new cycle, axactly as specified {n 3.4.1.5.4.4.1.

(d) If che cwrent valus of intarrogation tast time does not excsed cycle
test time, proceed as follows:

(1) Prepars an interrogation control command, using the current valus
‘of T.

(2) Send the intarrogation control command to the transmission buffer.

(3) Contirus processing the cuwxrrent uplink EIM transaction’s non-final
segnents vith stap (a) above.

If the intarrogation currently being scheduled is for a standard transaction or
for the final segment of an uplink EILX, roll-call scheduling shall:

(a) Enter the current valus of SET into the variable L.
(b) Subtract RDEL from L and entsr the result into the variable T.
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(¢) If the current value of T is less chan the interrogation test ctime,
indicacing an incerrogation overlap, procesd as follows:

(1) Reset T equal to the current valus-of interrogation test- time.
(2) Reset L equal to the sum of T, as redsfined in (1) above, and
RDEL.

(d) Calculate the sum of INTL and T and compare the sum to the cycle ctast
Cims.

If cthe sum of INTL and T exceeds the cycle test time, roll-call scheduling
shall:

(a) Excluda the present intarrogation and reply from the cycle under
preparation.

(b) Assign ths cycle end time, by equating it to the valus of SET.

(e) Assign the next cycle start time, according to the rule specified in
3.4.1.5.4.3.2.

(d) Schedule the present interrogation and reply as the first target of ths
nev cycle, exactly as specified in 3.4.1.5.4.4.1.

If the valus of the cycle tast tims is not exceedad by the sum of T and INTL, as
computead {n the specificacion above, roll-call scheduling shall procsed with the
inclusion of the present ctransaction in ths cycle under presparation. The
intsrrogation tast time shall be equated to the sun of T and INTL. The variable
SET shall be equated to the valus of the sum (L + RGD + REFL), by roll-call

scheduling. .

Roll-call scheduling shall prepars intsrrogation control and reply control
commards for this transaction, using the current valuss of T and L.

Coommand preparation shall be axactly as specified in 3.4.1.5.4.4.1, The duration
of the scheduls, given the inclusion of the present transaction, shall be testad
against the schedule limit, and either the commars exscuted or the schedule
terminated. If the schedule is tarminated, schedule end time shall equal the
curzent valus of L which is the former valus of SET.

If the schedule is not tarminatsd undsr the above rules, roll-call scheduling
shall repeat stap two, specified hersin.

2.6.1.0,6.4,3 Stap thres.- Boll-call scheduling shall repsatadly exscutas stsp
two, specified in 3.4.1.5.4.4.2, until the targets to be included in the
schedule are exhausted. Termination of scheduling activity shall be exactly as
specified in 3.4.1.5.4.4.2, under the circumstance of exhaustion of targects.
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16,1.5.6,5 Preparation of a main schedule in allocacion level f{ive.- Schedule
preparation of this allocation level differs from that specified in 3.4.1.5.4.4
only in che possible presence of downlink EIM transactions, containing two or
mors segwents, in the active vecord list. Transactions of this kind
shall be referred to as DEIM transactions.

Tha main scheduls shall be composed and prepared exactly as specified in
3.4.1.5.4.3 and 3.4.1.5.4.4 with the exception of the special treatment of DEIM
transactions, specified hersin.

When roll-call scheduling fetches a DELM transaction for the next target to be
scheduled, valuss of T and L shall be assigned, exactly as in 3.4.1.5.4.4.2.
This target shall be tested for inclusion in the current cycle in the same
narmer as any other target, as specified in 3.4.1.5.4.4.2. If che target must
begin a new cycle, the values of T, L and a cycle tast time, shall be assigned
as in 3.4.1.5.4.4.1.

Roll-call schecduling shall:
(a) Subtract T from the cycle test time of the current cycle.

®) Subcu: tha diffarence obtained in (a) sbove from the residual time,
RT, and redafine the result =o be RT.
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If RT, as redefined above, is negative, roll-call scheduling shall designace
chis and all subsequent DEILM transactions as unqualified for scheduling and
proceed as specified in 3.4.1.5.4.4.

1£ RT, as redafined above, is non-negative, roll-call scheduling shall designace
the DELM transaction as partially qualified for scheduling. The mumber of
downlink EIM message segments to be included in the schedule shall be detsrmined
as follows. Lat M be the largest intager for vhich the equation

M * RRP - RDT < RT

is trus. The quantities RRP and RDT are specified in 3.4.1.5.4.3.1. The mumber
of downlink EIM segments indicated in the target’'s current transaction record in
the remaining length field is denotad NSEG.

If M, detsrmined above, exceeds NSEG, M shall be equated to the valus of NSEG.
The variable REPL shall be equatsd to the valus of M * RRP - RDT, decarmined
above .

1f M, as detsrmined sbove, is zero, roll-call scheduling shall designate this
" and all subssquent DEIM transactions as unqualified for scheduling and procsed
as specified in 3.4.1.5.4.4.

If M, as decermined above, is positive, roll-call scheduling shall schecule this
target exactly as specified in 3.4.1.5.4.4 for any other ctarget vizh the-
following exceptions:

(a) Bits 9 through 26 of the MESS fisld shall be modified so that the firsc
M bits having cthe valus 'l’ are unchanged, but any other bits in this
field with the valus ’'l’ ars changed to the valus ‘0’. There should
have been exactly NSEG bits with the value ‘l’ befors this action. Bics
25 through 88 of the MESS field will alvays have the value ‘0’ for this
type of intsrrogation.

(b) The current cycle shall be terminated with the inclusion of a DEIM
transaction, and the next cycle iniciaced with a new target fetched
from the active rTecord list according to the rules specified in
3.4.1.5.4.4.

The valus of RT shall be rTeduced by REPFL and the result redefined as RT. Each
DEIM transaction shall be procsssed as specified hersin uncil eicher:

(a) No further DEIM transactions occur on the active record lisc.

(b) All DEIM cransactions beyond a particular one are designated
unqualified for scheduling under the rules specified herein.
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It should be noted ctnat DNELM ctransactions are tested for exceeding t.e
schedule limit, just as any other transaction. If a DELM transaction causes 4
schedule duration to exceed its assigned schedule limit, roll=call scheduling

shall:

(a) Ilteratively reduce the {nteger M by unity,

(b) Ac each step, recompute REPL and repeat che ctest for schedule length.

(¢) Iaclude the DELM transactiou with reduced segment nunber or terwinare
the schedule with the preceding transaction, depending on the ouytcoue
of step (b) above. If che DELM tranmsaction ultimately qualifies for
scheduling with a reduced segment number, the MESS field froa bit 9
through bit 24 shall pe modified exactly as specified above to conta n
as many bits with the value 'l' as cthere are to be segments {in t'e
reply. If tnhe schedule must terminate with che precediag transaction,
the DELM transaction shall oe designated unqualified for scheduling “y
roll=call scheduliny.

In any case, the value of M actually used i{n the interrogation (i.e., the
nunber of replies requested), shall be recorded by roll-call scheduling in
such a way that this number may be -unambiguously associated with ¢.e
transaction record of this transaction. This information will be wused by
transaction update. ' . ’

3.4.1.6 Transaction update.

Noce: The - following requirements specify that transaction update shall
transfer replies from cthe !lode S reply processor to a sStordge area. Tne
transfer may be accouplished by hardware or other software functions.

3.4.1.6.1 Inputs.=- Transaction update shall accept -enabling commands froa
channel control. The active targec list 1is also used as input by traasaction
update. Transaction update is concerued with the entire active target list,
not the subset defined in 3.4.1.5 as the active record lisc.

In addition to these inputs, transaction update shall accept Mode $ reply data
blocks from the Mode S reply processor. In fact, ctransaction update {s
responsible for the tranafer of these data blocks from the Mode § reply
processor {into & storage area, or areas, accessible to channel managemen:,
surveillance processing and data link processing. This responsibility s
specified below. The storage area, or areas, referred to above, shall re
denoted reply storage in cthis subparagraph. A pointer to the location (sr
locarions) of a reply image (or images) in reply gtorage shall be denoted a
reply pointer. Any implementation which makes it possible for one or more
lmages of each Mode S reply dara block ro be held for processing by channal
managenent, surveillance processing and data link processing will »e
acceptable. These latter functions are given access to the reply images by t.e
reply pointer, which locates the one or mure images of a particular reply.
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3.4.1.6.2 Outputs.- Transaction update shall send notice of coumpletion of ics
assigned task to channel control. Other transaction update outputs are the

following:

(a) An updated active target list. Individual target cransaction blocks are
wodified by traasaction update and the active targef list header is

updated.

(b) Transaction update provides high power flags for <certain targets co
roll=call scheduling,

(c) The reply pointers, defined above, which locate replies for other
processing functioans, are outputs of transaction update.

3.4.,1.6.3 Reply cransfer.- Upon receipt of its eanabling cummand, transaccion
update shall commence to read cthe active targec list. All {ndicators of
qualification, or partial qualificacion, for scheduling (assigned previously by
roll-call scheduling as specified in 3.4.l.5) shall be available to transaction
update. Transaction updace can therefora thread through the active target list,
deternine which targets were actually scheduled, and how many replies are to be
expected from each traasactiotu.

Transaction update shall direct the transfer of all replies, as they becoue
available from the Mode S reply proucessor, iato reply storage. Transaction
update shall provide a reply pointer for =2ach reply and append this pointer to
the transaction record correspoading to the reply in the active target lisc, If
multiple reply images are provided ia the data traasfer operation, the location
of every image shall be indicated by the reply pointer. In appending cthe reply
pointer to the transactioan record, transaction update may overwrite transaction
racord fields, so ‘long as the taformacion specified 1ia 3.4.1.4.5.1 1is
preserved., Downlink ELM transactions with two or mora segnments will require
multiple reply pointers to locats the replies expected in a single schedule, As
specified below, uplink and downlink ELA{ transaccions nay be repeated one or
more times while the tacget is withia beuwm to complete delivery of mulciple
segments. When this happens, the same transaction record is used ia wmore than
one schedule, hance, transaction update may append reply pointers to a single
transaction record more than once. In the case of an uplink ELM, only one reply
is expected per schedule. 1If the transaction Lis repeataed to complete the
message delivery, the last reply received will contain all the informacion of
Subsequent use to daca link processing, although surveillance processing will
process all replies. Transaction update shall tdentify the reply poincer of the
last reply received ia each upliak ELM transactioa in some way recognizable by
daca link processing.
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141,66 Reply gppraisal.- In response to every Mods S reply control command,
the Mode S reply processor will prepare a Mods S reply data block, even if ne reply
is received. This activicy is specified in 3.4.4. The reply data block conrains che
following information, more completely specified in-3.4.4.8: ,

(a) Data block designator - cthis field identifies the nature of the dara block.
and in this case will indicate a Mods S roll-call reply.

(b) Failure indicacion (F) - a two bit field which distinguishes four cases, as

follows:
Valid - an accepted reply with an azimuth measurement.
Invalid - a reply with an uncorrectable decoding error.

No reply - no reply preamble detected.
No azimuth - an accepted reply with no measurement of azimuth,

(¢) Off-boresight monopulse estimats - a monopulse Deasurement which can be
corverted to target azimuth relative to boresight. This quanticy is
represented in a field of eight bits. :

(d) Antsrma boresight azimuth - antenma boresight azimuth at the ctime of
Deasuremsnt, in azimuth unics.

(e) Range correction - the interval from the time the preamble datection window
is openad to the time the preamble is actually detected. Preamble detection
time is corrscted for processing lag, so that {t refers to the time of
arrival of tha leading edge of the first preamble pulse. The sum of the range
delay (which determines the reply liscening period start time, at which time
the preamble listening window is opened) and the rangs correction equals the
sun of the two-way propagation time to the aircraft, che nominal transponder
reply delay (132.75 us from the arrival at the aircraft of the leading edge

of che first intsrrogation preamble pulse), and any fixed system delay within
the sensor. '

(f) Mods S reply massage bits - the 32-bit or 88-bit information contant of the
reply (not including the Mods S address).

(g) Ti.m-of-dﬁy - & coarsely quantized measursment time, not used by transaction
updats. .

A reply is accepted by the Mode S reply processor if the reply preamble i{s detected
in the specified time window, and {f the error correction logic produces an
acceptable decoding of the message. A monopulse measurement is supplied by che Mode S
Teply processor if a sufficient number of high-confidence, single-bit monopulse
measurements have been obtained.
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Transaction updats shall datermine, £rom information in the corresponding ctargec
record, the exact nature of every reply which is expected. If a reply is of cthe
expectad type, the reply is said to conform. Transaction update shall determine the
conformancs or non-conformancse of every reply whose reply failure field indicates
valid or no azimuch, by testing each of the possible types, as specified below (sae
Mode S National Standard for daca field definitionms):

(a)

(b)

(e)

(d)

(@)

H

(8

All-call reply (to Mode S-Only All-call interrogation): transaction update
shall verify chac DF=0101l.

Surveillance reply with altitudes requested: ctransaction update shall verify
that DF=00100.

Surveillance reply with ATCRBS ID requested: transaction updates shall verify
cthat DF=00101.

Coms-B reply with altitude requested: transaction update shall verify that
DF=10100. ’ .

Comm-B reply with ATCRBS ID requested: transaction update shall verify that
DF=10101. ’

Comma-D reply in an uplink EIM ctransaction: transaction updats shall verify
that DF=1l and KE=l.

Comm-D reply in a downlink EIM transaction: transaction updata shall verify
that DF=ll and KE=Q. L

Transaction updats shall declars sach expectsd rsply to be accepted, not accepted, or
missing, according to the following rules: ' A

(a)

(b)

()

A conforming reply with a reply failure indicator indicating either valid or
no azimuch, shall be declared accepted.

A non-conforming reply or a reply whose failure indicator indicates invalid,
shall be declared not accspted.

A reply whoss data block failure indicator indicates no reply shall be
daclared nissing.

Whensver a non-conforming reply is found, transaction updats shall appernd a suitable
indication of this fact to the corresponding transaction record.
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Only certain fields within cthe Mode S reply message are utilized by
transaction update after conformance testing 13 completed. These are the
following, depending upon rteply type:

(a) All=call: AA (for aircraft address).

(b)) Standard replies: FS (for alert and SPI), UM (for multi-site protocol)
% and DR (for Comm~B request and TCAS request).

(¢) Comm=D replies in an uplink ELM transaction: MD (for acknowledgment
daca).

(d) Comm=D replies 1in a downlink ELM ctraasaction: ND (for segment
aumber).

3.4.1.6.5 Target transaction block updating.- In accordance with the contents
of each reply data block, ctransaction update shall update the target
transaction block of the corresponding ctargec. After making use of the
schedule qualification indicators set by rollecall scheduling, transaction
update shall destroy or reset them to avoild confusion whea roll-call
scheduling next operates. The rules specifying further update activity depend
upon the acceptance, nonacceptance or absence of the reply, as follows.

3.6.1.6.5.1 Reply not accepted.- Transaction update shall make no change in
the target transaction block in the case of a reply which is not accepted.

This behavior shall automactically leave the target on che active carget list
with its curreat transaction a3 a candidate for reinterrogation. No reply
pointer shall be appended to the target trausaction bloek in this case.

3.6.1.6.5.2 Reply missing.- Trdusaction update shall determine the value of
the surveillance transaction {ndicator of the transactinn record correspoading
to the reply. If the surveillance transaction indicatsr indicates no, then no
change shall be made in the target transaction block. This case is analogous
to the case specified in 3.4.1.6.5.1.

If the surveillance traansaction iadicator indicates yes, transacrion update
shall determine the valus of remaining tries. 1f remainaing tries are positive,
transaction updace shall:

(a) Reduce remaining tries by uaity.

(b) Set a high power flag to on, if tne power-prograaming control bit {s
set o enable; othervise, the high power flag 1is not set. The high
power flay, when sec, shall bde nmude available to roll-call scheduling,
associated in an unambiguous Wway with the target transactioa block of
Che appropriate targec. ’
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(c¢) Make no further change in the target transaction block.

In the situacion just specified, the ctransaction remains a candidate for
relaterrogation, but with the transmitter in the high-power mode. High power is
thus established after the firstc failure.

If the surveillance transaction indicator indicates yes, and remaining tries is
found to be equal to zero, transaccion update ghall:

(a) Reset remaining tries to the value of the parameter NTRY, specified in
3‘AOLO3OA.3.

(b) Reset the high power flag to off.

(¢) Set the taryet completion 1indicator in che target tecord o indicace
complete. .

In the situation just specified, no further reintarrogation will oceur before
the next operation of cargec list update, since roll-call scheduling will pass
this targec over along with other cowpletad targets. However, target list
update will recognize that range completion indicates iacomplete ({.e., no
replies have bean raceived from this targec 1in the present scan), and {t will
change che target completion indicator to incomplete once again. The target
will chus be a candidate for as many as (NTRY + 1) relinterrogations after
target list updacte next completes its task. These reinterrogations will begin
at low power. . -

3.4.1.6.5.3 Reply accepted.~ If one or more of the conditions described in the
following subparagraphs occur, then transaction update shall carry out the
specified activity or activities. In every case, it shall be understood thac
the reply {n question has been accepted.

3.4.1.6.5.3.1 Range completion.- If the surveillance transaction 1iadicator
indicaces yes, transaction update shall set rauge completion (in che targec
record) to yes. This will be the firsc range measurement obtained on this
target.

3.4.1.6.5.3.2 Azimuch complecion.~ If che accepted reply is valid, and the
azimuch complecion indicator in the cargec record indicates incomplece,
transaction update shall examine the off-boresight monopulse estimate field in
the reply data block. Let the sum of this field and the table offset value 4m
(3.4.10.3.5.2) he denoted SIG. Transaccion update shall compare SIG to two
System paramecers, MBL, noninally 10(0 -127, 1) and #BH, nominally 24'5(128
=255, 1), and proceed as follows, depending on the outcome of the comparison:
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(a) If SIG satifies the inequality
SIG < MBL

this indicates that the target 1is leaving the beam and {s already
outside of the monopulse neasurzment window. 1In this case, traasaccion
updace shall set the azimuth completion indicator to coamplete and shall
determine off-boresight azimuth, 8,¢¢, according to the formula

Boff = ~Chales

wherz 6p,1¢ (s the systen parameter specified in 3.4.1.2.4.

(b) 1If SIG satifies the inequality

SIG > MBH

this indicdtes that the taryet is about to come into the beam. In this
case, traasaction update shall sec the targer completion indicator to
- complete. The aziamuth completion indicatov shall rewmain: incoamplete.

(e) 1f SIs satifies che inequality
MBL < SIG < MBH,

transaction update shall decermine off-boresight azimuth, 8gy¢f, DY
encering the off-doresighct azimuth lookup table, specified 1in 3.4.11,
using the value of SIG as an index. The azimuth obtained is in azimuth
units. Transaction update shall set the azimuth completion i{ndicator to
complete. .

If either case (a) above, or case (¢) above occurs, transaction update shall:
conpute a value for the last likely azimuth and enter cthat value in the last
likely azimuth field of the ctarget record (overwriting the value placed there
by transaction preparation). Last likely aziwmuth shall be computed according to
the formula.

8lasc ™ ®vore * Gofte

In this formula all quanticies are i{a azimuth units and the symbols have the
following significance:

last likely azimuth
boresight azimucth (reply data block)

off buresighc azimuth, computed as specified anove.
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3.4.1.6.5.3.3 All-Call vreply.- If an accepted reply {s recelved of the type
All-Call (idencified by DF=0101l), tt will refer <o a target flagged as
"acquisition ctrack”. For such a reply, ctransaction update shall cause che
aircraft address (field AA in bits 9-32) cto be encerad in the Mode S address
fi{eld of che target record, for use by surveillance processing. No furcher
action shall be taken by transaction update for such acquisition track targects
other than marking complecion, so paragraphs 3.46.1.6.5.3.4 through
3.6.1.6.5.3.11 do not apply.

3.4.1.6.5.3.4 Alert responsa.= aAn alert is reported in the FS field (coatained
in bDLCS 6-8 of any standard reply) Lf FS has the value 010, 0Oll, or 100. Lf one
of these FS values is preseat ia the current reply, transaction update shall:

(a) Provide for an A-trdnsaction (a2 standard transaction with Al = 'l', as
defined f{a J.4.1.3.6.5) as specified herein, unless che A=bic flag is set to
'1' in the target record. :

(b) Set the A-bit flag to 'L' in the target recotd, toO pfeven: cepecition
of this activity in the preseat scan.

In ocder to provide an A-trausaction, transaction update shall examine the
cransaction record arranged for execution next (i.e., imnediacely after the
curvent transaction) in the target cransaction block, 1Lf one is presenc, [f
this is a standard transaction, transaction update shall set the Al bit o 'L’
and priority to ‘'priority' in chis Ctransaction record. Omly this next
transaction record may be so modified for this target, and if no such standard
transaction awaits execution, transaction update shall prepare a transaction
record and add it to the ctargect transaction block. The new transaction record
shall be added in such a way that it s eligible next for execution, to be
followed by the transaction record (if any) it replaces. The curreat
traasaction indicator shall indicate this new transaction record. The rules of
target transaction block scructura, specified in 3.4.1.3.5.4, shall bpe adhered
to. The new transaction racord snall be of che standard type, requiring a
surveillance incarrogation and a surveillance reply. In the new transaction
record, priority shall be ser to ‘priority’, channel cime shall be equaced to
the paramater CTSS, specified in J.4.1.3.58.4, che surveillance transaction
indicator shall indicate no, and transdction type shall indicate the specified
nacure of the transaction. No entry iadicacors or MA field will be preseat. The
cransaccion record fields shall be asiigned as follows:

P = 'Q’
L = '’
Al = 'l
RI- - lo' .

Prococol field = all zeroes
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UMF = ‘0"
DI = ‘000’

The reply field FS also expresses the aircraft SPI. In testing FS for the alert
condition, an SPI flag shall be set to ‘l’' in the target record if FS=100 or 101
in any reply; otherwise it shall be set to ‘0’. This step facilitates transfer
of the SPI information. i

2.4.1.6.5.3.5 Multi-sice protocol responge.- If the reply being processed
carries multisite protocol information, the UM field (bits 14-19 of a standard
reply) shall be examined. This will be the case if the reply corresponds to an
interrogation with DI=001 and RSS¥00 (RSS is bits 27-28 in the SD field).
For this case, exactly ome of the three protocol flags RBM, RM, and RDM will
have been set in the transaction record. The following actions shall
be taken by transaction update:

(2) The subfield IDS (bits 18-19, in UM) shall be tested for agreement with
the following values:

IDS bit values
Brogocol Flag i8 i3
REM=1 0 1
RQM=1 1 0
RDM=1 1 1

(b) If IDS does not contain the value indicated in this table, the remaining
steps (c) through (f) of this subparagraph shall be omitted.

(¢) The subfield IIS (bits 14-17, in W) shall be compared with the 4-bit
identity code assigned to the local sensor to see if all bits mateh.

(d) If RBM=1, and the IIS code does not match, the Comm-B state shall be
changed from "B pending, multisite® to "B ‘busy”. If the IIS code
matches, the state shall not be changed.

(e) If RM=1 and the IIS code matches, no further action shall take place. If
RCM=1 and the IIS does not match, the Comm-C state shall be changed from
"C pending, multisite” to "i{nactive”, and the pending wuplink EIM
transaction shall be flagged so that it will not be scheduled again
during the present scan.

(£) If RDM=1 and the IIS code matches, no further action shall take place. If
RDM=1 and the IIS does not match, the Comm-D state shall be changed from
"D pending, multisite® to "inactive", and transaction update shall
inhibit the execution of the Comm-D transaction for the remainder of the
beam dwell.
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3.6,1.6,5.3,6 TCAS downlink request.- If the field DR has the value 00010 in
any standard reply, readout of a TCAS Comm-B message is being requested, and
the procedures of this paragraph shall be executed, once per scan only. A DR
value of 00011, 00110, or 0011l signals a Comm-B request in addition to a
TCAS request. In that case, the procedures of this paragraph shall be exe-
cuted, if not already done during the current scan, followed by the proce-
dures of 3.4.1.6.5.3.7. :

First, checks shall be made to see if a site-adapted global parameter indicates
that TCAS service is to be provided, and if the primary indicator indicates
yes. If either of these conditions fails, the rest of this paragraph shall be
omitted.

Next, a check shall be made to see whether a TCAS Comm-B reply has already been
received during the current scan, including the present reply. A TCAS Comm-B
is defined by Rl=1 and BDS=00110000. 1If a TCAS Comm-B has been received, the
rest of this paragraph shall be omitted.

Otherwise, transaction update shall examine the next transaction to be
executed, if any, to see whether it is eligible to carry the TCAS message. A
transaction shall be eligible if it is a standard transaction with short reply
(F=0, RL=0). Modification of an eligible transaction shall consist of setting
the following fields:

RL=1
» BDS1 = 0011, BDS2=0000
Charmel Time = CTSL
Priority = high

All other fialds shall be unchanged.

If there 1is no eligible transaction, the response shall be to prepare a new
transaction record in such a way that it will be exacuted before any other
remaining transactions for the target. This transaction shall be a short
uplink with long reply, with the following parameters:

Fe0
Le0
Al = 0
RL=1 _
BDS1 = 0011, BDS2 = 0000
Protocol field = all zeroes
DI « 000
WMF = 0
Charmel time = CISL
Priority = high.
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3.6.1.6.5,3,7 Comn-B request.- There are two types of air-initiated Comm-B requests: l
pilot and broadcast.

3.6.1,6,5.3.7.1 Pllot Comp-B request.- A request to send a pilot Comm-B message is
indicated by a code value of 00001 or 0001l in the DR field (bits 9-13) of any
standard reply. Such a code value shall be referred to as a "B-request”., Transaction
update shall ignore the B-request if- the - primary indicator in the target record
indicates "no" or if the "no commmications" flag is set (3.4.10.4.5.8). In the
remainder of this subparagraph, it shall be assumed that the primary indicacor
indicates "yes" the "no commmications" flag is not set, and a B-request is present
in the reply.

(a) If the Comm-B state field in the target record indicates "B pending, normal"
or "B pending, multisite", the B-request in the present reply shall be
ignored. (In this case, the appropriate transaction has been prepared already
and is pending later execution).

(b) If the Comm-B state is "B-busy”, the B-request shall be ignoréd. (In this
case, the B-request is being handled by another sensor under the multisirte
protocol).

(c¢) If the Comm-B state is "inactive”, transaction update shall change the Comm-B
state to "B pending, normal"™ if the uncormected senmsor flag USF is not set.
Transaction update shall then modify or prepare a transaction record designed
to comply with the B-request, as specified herein.

(d) If the Comm-B state is "inactive" and the multisite protocol applies (USF=1l),
transaction update shall first determine whether the UM field of the reply
contains data directing the Comm-B message to the local sensor. If the UMF
flag {s not set to 1, the M field shall be inspected for the values of IDS
(bics 18-19) and IIS (bits 14-17). If IDS=01 (indicating that a Comm-B
charmel reservation is in effect) and if IIS contains a non-zero value not
equal to the 4-bit local sensor ID, then the B-request shall be ignored.
Otherwise, transaction updats shall change the Come-B state to indicate B
pending, multisite, and shall modify or prepare a transaction record
designed to comply with the B-request, as specified herein.

(e) If the Comm-B state indicates "clear B pending, multisite”, further action
shall depend on whether clearing of the Comm-B charmel was accomplished in
the current transaction. If the current interrogation contained protocol flag
CBM equal to zero, the chamel was not cleared and the B-request shall be
ignored. If CBM was equal to one, the charmel was cleared. In that case, the
Comm-B state shall be changed to indicate "B pending, multisite" or "B
pending, Normal", according to the current value of USF, and transaction
update shall modify or prepare a transaction record as specified herein. (The
transponder is capable of clearing the B-request and replacing it with a new
one before replying.) :
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(£) 1f the Commp-B state is "clear B pending, normal"”, further action shall also
depend on whether clearing of the chammel was attempted in the current
transaction. If the current interrogation contained protocol flag CBN equal
to zero, the chammel -was not cleared and -the ‘B request shall be’ ignored. If
CBN was equal to one, the channel may have been cleared or the clearing may
have been prevented by another sensor’s multisite reservation. In this case,
the IDS subfield of the UM field in the current reply shall be examined. If
IDS=1, then a Comm-B reservation is in effect and the chammel was not
cleared; the response shall be to change the Comm-B state to "inactive" and
to ignore the B request for the remainder of the scan. If IDS contains any
value other than 1, the chammel was cleared; the response shall be to set the
Comm-B state to "B pending, normal" and to modify or prepare a transaction as
specified herein.

Transaction update shall modify or prepare a transaction record, under the
circumstances specified above, as follows: To determine if a transaction record is
eligible for modification, transaction update shall examine the transaction records,
if any, arranged for future execution in the target transaction block. If the Comm-B
state, as updated, is "B pending, normal", then a transaction record shall be
eligible if it is a standard interrogation with a surveillance reply (F='0’ and
RL='0'). If the Comm-B stats, as updated, is "B pending, multisite”, then a
transaction record shall be eligible if it is a standard interrogation with a
surveillance reply and if, in addition, it has the parameter values DI='000' and
UMF='0". '

To modify an eligible transaction, transaction update shall change the channel time
field to the valus of CTSL, a parameter specified in 3.4.1.3.6.4, and enter a special
valus in the Comm-B entry indicator field. This special value is denoted here as
PILOT, and will be understood by data link processing to identify an air-initiated
Comm-B message, expedited by charmel management. In the interrogation message, the RL .
bit shall be changed to ‘l’, and BDS shall be set to all zeroces. If multisite
protocol applies, REM shall be set to equal to ’'l’, DI shall be set to ‘O0l’, and UMF
set to ‘l’. :

If no transaction record is eligible, transaction update shall prepare a suitable
transaction record and add it to the target transaction block. The new transaction
record shall be added in such a way that it will be eligible for execution after any
other standard transaction records already present, and before any normal EIM
transaction records in the target transaction block. The rules of target transaction
block structure, specified in 3.4.1.3.5.4 shall be adhered to. The new transaction
record shall be of the standard type, requiring a surveillance interrogation and a
Comm-B reply, and the transaction type field shall so indicate. Transaction update
shall set priority to normal, charmel time to CISL, the surveillance transaction
indicator to no, and the Comm-B entry indicator to the special wvalue PILOT. The
interrogation message parameters shall be assigned as follows in the transaction
record.

lo'
Io'
Io'
'1'

pzﬁm
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BDS1. = '0000‘, BDS2 = ‘0000’

RBM = 1, DI=00l, and WMF=1 if Comm-B state =
"B pending, multisite".

RBM « 0, DI=000, and WMF=0 if Comm-B state =
"B pending, normal”.

Remaining protocol field flags = 0.

2.6,1.6,5.3.7.2 Broadcast Comm-B request.- A request to send a broadcast Comm-
B message is indicated by a DR code value of 00100 or 00110 (for a broadcast
"message 1") or by a value of 00101 or 00lll (for a broadcast "message 2").
Upon receipt of such a request, transaction update shall execute the procedures
in the remainder of this paragraph regardless of the values of the primary
indicator and the Comm-B state.

First, the message mumber indicated by the DR code value shall be compared with
the previous broadcast message number, as stored in the "broadcast message
number” field. This field, which shall have been copied from the surveillance
file into the target record by transaction preparation, contains one of three
valuss: “"message 1" "message 2", or "no previous broadcast message"”. If the
mmber of the requested message matches the stored value, no further processing
of the request shall take place.

Otherwise, the processing shall contimue with the modification of an eligible
transaction record or the preparation of a new transaction record to carry the
broadcast Come-B. The rules for modifying or preparing a transaction shall be
those given above for the case of a pilot Comm-B, with the following
differances:

(a) In determining eligibility of an existing transaction, the rule that
applies when Comm-B state = "B pending, normal” shall be used,
regardless of the actual valus of Comm-B state.

() The multisite protocol shall not be used, regardless of the value of
USF or Comm-B stata.

(¢) The Comm-B entry indicator field shall be given a special value
indicating "broadcast”. :

The Comm-B state valus shall not be changed.

2.4.1.6.5.3.8 Comn-B replies.- If che primary indicator indicates primary, if
a reply is the Comn-B type in a transaction which had the value "pilot” in the
entry indicator field, and {f the Comm-B3 state is not "B busy", then
transaction update shall: '
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(a)

(b)

(e)

(d)

Examine the Linked Comm-B subfield (LBS) of the MB field in the reply.
LBS is a two-bit subfield located in bits 33 and 34 of the reply (i.e.,
the first two bits in MB). If LBS contains a non-zero value, the reply
is the initial segment of a linked Com-B message. In that case,
the procedures of subparagraph (b) shall be executed and those of
(c¢) through (e) omitted. If LBS contains zero, the reply is an
unlinked Commn-B, and the procecures of sub-paragraph’ (b) shall be
omitted and those of (c) through (e) executed.

The entry indicator in the transaction record of the reply shall be
changed to a special valus, denoted here as "linked". One or more
additional transaction records shall be modified or prepared to handle
the remaining segments of the linked Comm-B message as
ground-initiated Come-B transactions. The rules for modifying or
preparing each of these transaction records shall be the same as those
of 3.4.1.6.5.3.7.1, except that the normal protocol shall apply
(regardless of the valus of Comm-B state) and the transactions shall
be designated as "linked" rather than "pilot" in each entry indicator
field. For each transaction, the value of BDS1 shall be 0000. If the
value of LBS in the initial segment (already received) is 11, there
shall be three transactions, carrying the BDS2 values 0010, 0011, and
0100 in that order. If the value of the LBS in the initial segment is
10, there shall be two transactions, carrying the BDS2 values 0010 and
0011 in that order. If the value of LBS in the initial segment is 01,
there shall be one transaction, carrying the BDS2 value 0010.
To preserve the correct sequence of segments of the complete message,
charmel management shall process these transactions in such a way that
they shall always be executed in the order of their entries.

Change the Comm-B state from "B pending, normal® or "B pending
multisite” to "clear B pending, normal" or "clear B pending,
multisite”, respectively.

Modify a transaction record, if possible, to carry a clear B command.
To determine if a transaction record qualifies for modification, under
the circumstance defined above, transaction update shall examine the
transaction records, if any, arranged for future execution in the
target transaction block. If any standard transactions remain to be
executed, following the current transaction whose reply is at hand,
transaction update shall tast the protocol field of such transactions.
If the Comm-B stats = "clear B pending, normal®, a transaction shall
qualify for modification if its protocol field contains all zeroes.
If the Comm-B state = "clear B pending, multisite”, it shall qualify
if DI=000 and UMF=0. The qualifying transaction may be an
A-transaction inserted under the rule specified above in
3.4.1.6.5.3.4. Only one transaction record shall be so modified for
this target.



FAA-E-2716 & AMEND.-2
-107b- SCN-17 (Change 23)

Modification.shall consist of setting CBN=l for the normal protocol;
CBM=1, DI=00l, and UMF=1 shall be set for the mulrisite protocol.

(¢) If no transaction is found which qualifies for modification, no
further action shall be taken.

If the reply is a Comm-B type in a transaction which had the value "pilot" in
the entry indicator field, but the Comm-B state is "B-busy”, no action shall
be taken, ‘

If the reply is a Comm-B type in a transaction which had the value “"broad-
cast” in the entry indicator field, transaction update shall first examine
the DR field of the reply. If the DR code indicates a broadcast request, the
only action shall be to enter the value of message mumber indicated by that DR
value into the broadcast message mmber field. If the DR field contains the
value 00001 or OOOll (because a pilot Comm-B request has superseded the broad-
cast), transaction update shall change the entry indicator field of the trans-
action type to indicate a standard transaction with a short reply (deleting
the MB field if necessary), so that Data Link processing shall ignore the
Comm-B message. It shall then execute the procedure given in 3.4.1.6.5.3.7.1
for & new air-initiated Comm-B request.

1f the reply is a Comm-B type in a transaction which did not have the value
"pilot" or "broadcast" in the entry indicator field, it is a ground-initiated
or TCAS Comm-B. No action shall be taken unless the reply contains the final
segment of a linked Comm-B message. In this case, the procedures of sub-para-
graphs (c) through (e) above shall be executed.

4.4.1.6,5.3,9 Clear transactions.- If a reply is accepted and if the
corresponding interrogation carried one or more clear commands in either
normal or multisite protocol (as signified by any of the flags CBN, CBM, CCN,
CQ{, CDN or CDM equal to one), then transaction update shall change the comm
stats variable for each chammel thus cleared to "{nactive".

This space intentionally unused.
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An exception to this rule shall be made for a Comm-B clear (CBN or CBM equal
to one) if the reply also contains a B request. In this case, the procedures
of 3.4.1.6.5.3.7 shall be followed instead.

A further exception shall be made for a Comn-C clear if any uplink EIM trans-
action records exist for this aircraft. In this case, the stace shall be
changed to "C pending, normal” or- "C. pending, mltisite" according to the
value of USF.

3.6,1.6,5.3.10 Uolipk ELM trapsaction.- A reply to an  uplink ELN
interrogation always has KE = ‘1’ and a cumulative technical acknowledgment
(subfield TAS, bits 17-32) in the MD field. If the uplink EIM transaction,

as origina.lly prepared by data 1link processing, had M segments, then the
first M bits of MD are meaningful, and a ’‘l’ in one of these bits signifies
transponder acceptance of the corresponding uplink message segment. Bit 17
signifies acceptance of message segment number zero, bit 18 refers to segment
one, and so on up to bit 32, which refers to segment fifteen, the largest
possible segment mmber. The transaction record for this EIM, when prepared
by transaction preparation the first time the target enters the beam with
this EIM pending, will have M replicas of the RC, NC and MC fields,
corresponding to the M uplink message segments. Chammel management notes
successful delivery of message segments as follows. If a reply is accepted
with KE = 'l’, transaction update shall obtain the length field value from
the target record. Let this value be denoted by M. Transaction update shall
obtain the first M bits of the TAS subfield and indicate delivery of segments
accepted by the transponder. Each segment is represented in the transaction
record by its RC, NC and MC fields, and the segment mumber is contained in
the NC field, hence transaction update can indicate segment delivery in an
unambiguous way. The final uplink segment is identified by its RC code of
‘10'. If the final segment becomes designated as delivered, transaction
update shall change the RC code of an undelivered segment to '10’. The chosen
segment shall be the last remaining undelivered segment in the order of their
placement in the transaction record. The RC code of this segnmt: will always
have been '01°.

It is possible (because of a multisite reservation timeout) that a technical
acknowledgement field will contain all zeroes even though some segments had
pravicusly been acceptad. In this case, the completion indicators for those
segments shall be reset so that the entire message, including the
initializing segment, will be retransmitted.

Segments marked delivered are ignored by subsequent operation of roll-call
scheduling. It is important to note that in case the EIM is not fully
delivered in a given scan, data link processing will leave the complete
original entry in the EIM 1list, merely copying the delivery indicators from
the completed target transaction block. In the next scan, transaction
preparation will prepare a new transaction record still indicating M
"segments, with fields for the delivered segments, completed with delivery
indicators. Only when the message is fully delivered or expired will it be
removed from the- EIM list by data link processing.

2.4.1.6,5.3.11 Downlink EIM transactions.- A downlink EIM transaction is
represented by a transaction record whose length field represents the number
of downlink message segments which data link processing has requested. Let
this number be denoted by L. Parts of this message may have been received in
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previcus scans, and M segments remain undalivered, as indicated in cthe remaining
lengch field. The MC field for this transaction, as prepared by transaction
preparacion, will contain just M ’'l’ values among the firsc L bits of the 16-bit
subfield SRS, the only significant MC bits in this kind of transaction. Roll-
call schecduling may or may not have scheduled all M segments, but will have-
recorded the mumber actually scheduled, hence transaction update is informed of
thse mumber of expected replies. When replies of this type ars accepted,
transaction updats shall modify the remaining length and MC fields (n the
transaction record in response to the success of the transaction. Lac K replies
of this cype be acceptad for the transaction under discussion. Transaction
update shall reduce the remaining length field by the amount K and change K of
the bits in the MC field to ‘O’. The bits changed shall correspond to replies
recsived. Raplies recsived identify their segment mmber in the ND fleld, and
bit position in MC field correspond to segment mumbers in exactly tha same
marmar as described above in 3.4.1.6.5.3.10.

Transaction updata shall maintain a ruming count of the number of repliss so
far requasted during the current scan by roll-.call scheduling for each downlink
EIM ctransaction. This count shall be accumulated, regardless of whether or not
the requasted replies wers recaived. It shall be the responsibilicy of -
transaction updats that no more than 1.25*L downlink EIM replies ars raquasted
from a given ctarget in anmy one scan. Let the accumulated mmber of raeplies
already requestsd be dsnoted by N. Lat the valus of the remaining length field
for this transaction be R, aftar the operation of cransaction updats. If thes
sum, N + R, exceeds 1.25*L, ctransaction update shall reduce ths mupber of
segments to be scheduled by an amount sufficient to reduce the sum to the
greatast integer not exceeding 1.25*L. A corresponding mumber of bits in the MC
field shall be changed from ‘l’ to '0’'. The position of the bits changed in the
MC field by this action is arbitrary.

A.6.1.6,5.3.12 Current transaction indicator update.- When a reply is accepted
which corresporcis to a standard transaction or a Mods S-Only All Call, trans-
action updata shall indicata completiom of this transaction by zeans of a
suitable indicactor, appendad to ths Transaction record. Similarly, ctransaction
updaca shall indicats completion of an EIM cransaction as follows:

(a) An uplink EIM transaction shall be dasigriated complete if every uplink
EIM message segment has been dasignatad dalivered by transaction update
in responsa to the present reply.

(b) A downlink EIM cransaction shall be dasignaced complete if chs remaining
length fiald has been reduced to zero by transaction updiate in response
to the prasent reply.

When a current transaction {s dasignatad to be complets, undar the rules
specified above, rctransaction updats shall changs the current ctransaction
indicacor so that it idantifies the naxt transaction, 1f any, which {s pending
execution in the target transaction block. If no such transaction is pending,
i.e., if the current transaction record is the final cransaction record in the
target transaction block, transaction updacte shall determine the value of cthe
azimuich completion indicacor in the zarget record and proceed as follows:
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(a) 1If the azimuth completion: indicator indicates complets, transaction
update shall set the targeC completion indicator to indicace completion of the
entire target transaction block. . ..

(d) If the azimuth indicator indicates incomplete, transaction update
shall prepars a new transaction record and add it to the target Cransaction
block. The new transaction record shall be added in such a way that it shall be
eligible next for execution, and the current tTansaction indicator shall
indicats this new transaction record. Tha rules of target transaction block
structurs, specified in 3.4.1.3.5.4, shall be adhered to. The new tramsaction
record shall be of the standard type, specifying a surveillance interTogacion
and a surveillance reply, and the transaction type field shall so indicate. In
the newv ctransaction record, priority shall be set to priority, chammel time
shall be equated to the parmmeter CISS, specified in 3.4.1.3.6.4, and the
surveillance transaction indicator shall indicate no. No entry indicators or MA
fisld will be present. The interrogation message bits, represenced in the
trzansaction record shall be assigned as follows: '

. F
L
Al

lol

l°'

'o‘

RL i

Protocol field = all zaroces
™MF « 0

DI = 000

3.6,1.6.6 Active target lisc header update.- (Not used)
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1.6.2 Trsnsmicsac/medulacor.

2.4.2.1 Incerfaces.- The transmitter/modulation control function shall receive a
transaission control block from the charmal msnagement function for each plink
tTansaission to be gensratad. The contents of tha transmission control blocks for
Mode S and ATCRBS shall be as follows (see fig. 3.4.2.1):

(a) Time of transmission (rangs wunit word, 3.4.13.1.2)

(b) Transmission type (3.4.2.1.)

(¢) Moda S high/low power mode indicator

(d) Lis window (3.4.1.2.3.4)

(e) Mods S roll-call transmission length

(£) Mods S roll-call massage block (56 or 112 bics)

(g) Mode S-Only All-Call reply probability (Mods S National Standard)
(h) Hsd. S Only All-Call Size ID (Moda S Natiocnal Standard)
(1) 14SLS (Improved Intsrrogacion Sidalobe

Suppression) indicator
(j) Station time clock (3.4.13.3)

Transmitter/modulation control shall receive a transmission control block for each
ATCRES or Mode S transmission (see fig. 3.4.2-1(a) and (B)). The 23 bits of the
station time clock shall drive a transaission control regiscsr. This register shall
be used to compars time of transaission (corresponding to the time of occurrence of
P1) received from the chammel msnagement function with the lowest order 16 bits of
the stacion time clock. Transmissions shall be generatsd based on comparisom to the
least significant 16 bits of the registar. When any ATCRBS, ATCRBS/Mods S, ATCRBES-
Only or Mode S-Only All-Call transmission occurs a time control block shall be passed
back to chamnel wmsnagemsnt containing the most significant 15 bits of cthe
transmaission control registar at the occurrence of Py (fig. 3.4.2-1(e)).

For each ATCRBS, ATCRES/Mode S, and ATCRES-only All Call the MCU shall send to the
AICRBS Reply Procsssor a pulse at the time of the P3 pulse. The MCU shall also send
to the ATCRES Reply Processor the type of intsrrogatiom. A listsn wvindow corresponds
to enabling and disabling the appropriats rsply procsssor using the Racsiver Control
Block dascribed in Fig. 3.4.2-1(d). For every intsrrogation, excapt non-final uplink
EMs, Charnel Management must send to the Reply Processors a asgsags to open a listen
vindow and ons to close the listen window. For downlink EIMs it is sufficient to sand
ons massage to open the Mode S listan wvindow at the start of the first EIN response
and one t closse the Mode S listsn window at the termination of the lasc EIN

response. Each Racsiver Control Message shall contain the informatcion in fig.
3.4.2-1¢d).

L4.2.1.) Transxissicn tvoes.- The transmitter/modulator shall be capabls of
transaitting the following intarrogation Cypes:

(8) ATCRBS (Mode A)/Mods S All-Call (g) Mode S Short Roll-Call
(b) ATCRBS (Mode C)/Mods S All-Call (h) Mode S long Roll-Call

(¢) Military Moda 2 (1) ATICRBS (Mode A)
(d) Moda S-Only All-Call (J) AICRBS (Moda B)
(s) ATCRBS (Mode A)-omly All Call (k) AICRBS (Modse C)

(£) ATCRBS (Mode C)-only All Call (1) ATCRBS (Mods D)
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(a) Transaission Control Block - Roll-Call

Concrol block dasignator - (3.4.1.3.4.4.1(8))

Mods $ high/lov power {ndicacor (3.6.1.5.46.4.1(6))

Mods S roll call transmission length (3.4.1.5.46.4.1(6))

Tims of transmission (range unit word, 3.4.13.3.2)

Modse S roll-call cransaission block (3.4.1.5.4.4.1(86))
(b) Transmission Contzrol Block - ATCRSS, ATCRBS/Mods S, ATCRBS-only

All Call or Mods S-only All-Call

Control block dasignacor _ (3.4.1.5.4.4.1(7))

‘qmissim type (3.4.2.1.1)

I+ SLS indicacor

Tize of tzansaission (vange unit word, 3.4.13.3.2)

Liscaning vindow (3.6.1.2.3.4)

Reply probabilicy (Moda S National Standazd)

. Sics ID . (Mods S National Standard)

(¢) Time Comtrol Block - To Charnal Management

Tize block designator - :

Time of transmaission (time unit weord, 3.4.13.3.0)

(d) Receiver Control Block

Mode $ Reply Procsssor enable

ATICRBS Reply Procsssor enab.e .

Moda S All-Call or Mods S Roll-Call indicacor (STC Control)
Mode S expectad message length (56 or 112 bics)

Rangs of target (for detarmining STC of Mode S Roll-Call)
Tims the command is Co taks effect (range unic word
3.4.13.3.2)

Ixpectad target addrass :
Mode S-only All-Call or ATCRSS/Mode S All-Call indlicator

Fig. 3.4.2-1. Concrol Block Contsnt.
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1.4.2.2 Modulator upde. - - -

3,6,2.2.1 Transmission control.- The modulacion control unit (MCU) shall receive the
input information specified in 3.4.2.1 for each transmission. It shall then compare
the stats of the station time clock to the specified transmission time using the
transmission control register and generacts an intarrogacion.

The time of transmission of Py (most significant 15 bits) shall be passed back to che
charmel management function via the time control block. For each ATCRBS, ATCRBS, Mode
S, and ATCRBS-only All-Call the MCU shall send to the ATCRBS Reply Processor a pulse
at the time of the P3 pulse. - ’

When a transmission has been initiated, the MCU shall provide the performance
monitoring funccion with the information dafining the type of transmission, the power

level indicator, and a synchronizaction signal indicating that the transmission has
occurred (see Sectiom 3.4.10).

3.4.2,.2.2 Modularion control.-

(a) Pulse Amplitude Modulation (PAM) - The control block designator shall defins
the required preamble and the selection of a PAM or DPSK modulator. A PAM modulactor
shall gensrats the prsamble field for Mods S roll-call transmissions (P, and Pj) as
wall as the entire ATCRBS, ATCRBS-only All ‘Call, or ATCRBS/Mode S All-Call
transmission (Py, P3, and P;) to be transmitted over the Z-charmel. The spacing of
the P1-P2 and P1-P3 pulses is as follows:

Moda-2 Pl to P3 5.0 # 0.1 microseconds
Moda-3A Pl to P3 8.0 £ 0.1 microseconds
Mode-B Pl o P3 17.0 + 0.1 microseconds
Moda-C Pl to P3 21.0 + 0.1 microseconds
Mods-D Pl to P3 25.0 + 0.1 microsecords
SLS Pl to P2 2.0 + 0.1 microseconds

The characteristics of the PAM signals shall be as specified in the Mods S
National Standard.

The SLS PAM pulses transmitted over the omnidirectional antsrmma charmel shall be
generatsd by an auxiliary transmitrar. The MCU shall provide that transmitter with
gates for ths generation of the Py and Py, and the P5 pulses.
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(b) Diffsrential Phase Shift Keying (DPSK) - A DPSK modulator shall produce the
data field for the Mode-S roll-call -and -Mode S-Only All-Call transmissions. The
DPSK data block shall be as specified in the Mods S Nactional Standard. A phase
reversal of the RF signal-shall occur -at the beginning of a bit interval representcing
a binary one while no phass reversal shall represent a& binary zerc. Each transmitted
phase reversal shall occur at & time N * 0.25 + 0.02.s (N 2 2) after the sync phase
reversal. The characteristics of the DPSK signals shall be as specified in the Mode S
National Standard.

(c¢) All modulation (PAM and DPSK) shall be at low level RF and logic switching
points. High energy switching shall not be employed. Frequency multiplication afcer
modulation is not pearmitted. The modulation circuitry shall be protected against
active transmitter device arcing, shorting or other modas of failura,

3.4,2,2,3 Parity encoding of cthe Mode S message fleld.- A data field buffer shall
recsive 56 or 112 bits containing the information concent of the Mods S transmission.
They shall be converted to a serial bit stream and shiftad through a parity erncodar.
The uplink Mods S messages shall employ systamatic encoding generated by the encoeding
circuic specified in fig. 3.4.2-2. The message to be transmitted shall be shifted
through the circuit to produce 24 parity bits vhich shall be added (modulo 2) to the
high order bits of the product of the 24-bit address and the polynoaial G(x) as the
parity bits emsrge sequentially from the encodar. This parity/address field is thus
formed at the end of the information fisld which shall remain unchanged during the

encoding procsss. The encoding circuit is specified by the polynocmial:
2

G(x) = z gjad
j-°

whers: _ .
g = 1l for j = 0,3,10,12,13,14,15,16,17,18,19,20,21,22,23,24
g5 = 0 othaerviss.

The resulting coded information sequance shall produce logic levels which drive the
DPSK modulator to produce the RF signals for the data field and synchronization block
of the uplink Mods S msssage.

34,23 Transmitters.- A primary cransaitter shall be used for all main-bean
transmissions. SLS econtrol rtransmissions shall be generated by an auxiliary
transaitter. The block diagram of fig. 3.4.2-3 shows the placemsnt of
transaittsr functions in relation to the other RF components. The sansor RF
port, marked in figure 3.4.2-3, constitutss the interface point betweean the
sensor ard the anterma system. The sensor RF port, which shall be clearly
idantified on ths equipment, is used as the reference point in power level
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specifications regarding the transmitters and the receivers. Between the sensor
RF port and the main equipment group there is a transmission line whose length
may be as great as 100 ft. The primary and auxiliary transmitters shall be all
solid state. Tube type designs are not permitted.

3.4.2.3.]1 Primary transmitter.- The primary transmitter shall operate in three
modes : a high-power Mode S mode, a low-power Mode S mode, and an ATCRBS mode.
Both Mode § modes shall be capable of handling all of the Mode S interrogation
types defined in the Mode S National Standard including extended length message

(E1M) transmissiouns. ATCRBS {nterrogations, ATCRB/Mode § All-Call
interrogations, ATCRBS-only All Call interrogations, and Mode S Omnly All-Call
interrogations, are transmitted at the ATCRBS power level, All other

interrogations are transuitted at either the Mode S-High or Mode S-low power
level, the selection being determined by the high/low power indicator 1in the
transmission coantrol block. A common transmitter design shall be used for
Mode S Type I, 1I, and IIl sensors.

3.4.2.3,1.] Power output and durty factor.- In che high-power Mode S mode the
primary transmitter shall be capable of producing a peak power of at least 800
watts and a long~term average power of 16.2 watts, both referred to the sensor
RF port. In addition the Mode S high-power level shall be manually adjustable
downward in 2 dB steps to a level 10 dB8 below the maximum. The averaging time
requirements for the high—power mode are as follows. In the high-power mode the
transmitter shall be capable of initiating:

(a) at least 1 long (l112-bit) Mode S interrogation in any 50-usec interval,

(b) up to 24 long Mode S interrogations in any 4-msec interval,

(¢) up to 60 long Mode S interrogations in any 100-msec interval.
In the low=-power Mode S mode the primary transmitter shall produce a peak power
adjustable between =5 dB and =9 dB, in ! dB increments relative to  the high
Mode 5 power level, and shall be capable of a long-term average power of at
least 1l.5 watts referred to the sensor RF porc. The averaging time
requirements for the low=power mode are as follows. In the low-power mode the
traasmitter shall be capable of initiating:

(a) at least ] long (ll12-bit) Mode S interrogation in any 50-usec interval,

(b) up to 32 long Mode S interrogations in any 2-msec interval,

(e) up to 96 long Mode S intervrogations in any 40-msec interval,

(d) up to 3440 long “Mode S interrogations in any 2-sec interval,

(e) up to 4720 long Mode S :interrogations in any 4=-sec interval.
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In the ATCRBS mode, the primary transmitter shall be capable of produciag a peak
power which can be manually set between the Mode S high—power level and a level
10 dB lower in 2 dB sceps. The nominal setting is &4 dB below the Mode S
high=power level for a Mode S Type 1 sensor, aad 0 dB for Type II and Type 1[Il

sensors.

In addition to the Mode S interrogation rates specified above, the transmitter
shall be capable of transmitting ATCRBS/Mode S (or pairs of ATCRBS-Only All-Call
and Mode 5-Only All-Call) incerrogations at a uniform rate of up to 150 per
second at the ATCRBS power level.

The transmitter shall be capable of transmitting an incerlaced combinatinn of
any of the externally generated {nputs, including Mode 4, and an {nternally
generated ATCRBS intérrogation at a uniform rite of up to 450 interrogations per
second 1n lieu of the standard Mode S/ATCR3S transmissions (see Appeadix V,
Mode S Sensor Requirements for Joint Use Sites).

3.4.2.3.1.2 Carrier frequency.- The output fraquency of the transmitter shall be
1030 = Q.01 MHz.

3.4.2.3.1.3 Vaveform fidelity.- The transmitter output waveform as measured at
_ The sensor RF port (fig. 3.4.2=3) shall satisfy the waveform requirements given
in the Mode S National Standard. The. total amplitude droop over a 32-segngn: ElM
transmission shall not exceed 2 dB.

3.6,2,3.1.4 Spurious emissions.~ The radiated spectrum for transmissions of any
message type shall comply with the Mode S Natlonal Standard.

The transaitter output shall be filtered to produce power levels in a band at
1090 + 10 MHz that are less than + 10 dBm as measured at the sensor RF port. For
time intervals during which the transaitter 1s actively producing an
interrogation, the spurious siznal and noise side-band power shall be limited to
a level at least 80 dB below peak carrier power, as measured at the sensor RF
port. Harmoaic radiated power shall be at leasz 50 dB below cthe fundamental
output.

For time intervals during which the transmitter is in the OFF state and not
actively producing transmissions, the noise power spectral density delivered to
the output terminals shall not exceed =170 dBm/Hz in the band 1085 MHz co 1095
MHz and <104 dBm/Hz elsewhere. The CW power output at any frequency shall not
exceed =60 dBw when the transmiiter is in the OFF state.

3.4.2.3.2 Auxiliary transmitter.- The auxiliary transmitter shall generate the
Ps puise (PAM = 0.2 us long) for Mode S SLS as well as the Py or Pl and P,

pulses for ATCRBS SLS or improved ISLS.
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3.4.2.3.2.1 Power output and duty factor.- The auxiliary transaitter shall be
automactically comtrolled to follow the primary transmitter in the sense that for
s particular inoterrogation, the peak suxiliary pover equals the peak primary
power plus DELS or DELA wvhere DELS and DELA are parameters, manually coatroll-
able over the range O to 9 dB, i{n 1 dB steps. The peak auxiliary pover for the
PS pulse shall equal the peak primary power plus DELS. The peak auxiliary power
for P2 or Pl and P2 shall equal the peak primary power plus DELA. The auwxiliary
transmitter shall follow this performance withim ¢+ 1 dB. The duty factor of the
suxiliary transaitter shall be counsistenst with the intcerrogation rates of the
primary ctransaitter specified above. The auxiliary transaitter shall be capable
of producing at least 3200 watts peak power at the sensor omnl RF port. The 9 dB
separation is necessary only at primary traasmitter power levels of 400 watts or
less. The suxiliary transmitter peak power is npot required to exceed 3200
watts.

3.4.2.3.2.2 Carrier frequency.- The - output frequemcy of the asuxiliary
transaitter shall be 1030 £ 0.1 MHz.

3.4.2.3.2.3 Waveform fidelity.~ The suxiliary transmitter output pulse wvaveforz
as measured at the sensor RF port (fig. 3.4.2-3) shall satisfy the waveform
fidelity requirements given in the Mode S National Standard.

3.4.2.3.2.4 Spurious emissions.- The auxiliary transmitter requirements on
spurious emissions are as specified for the primary tramsmitter (3.4.2.3.1.4),
except that the radiated spectrum shall be bounded by that of a 0.80 us
trapezoidal pulse with a rise and fall time of 50 ns.

3.4.2.4 Transmit/receive isolation.- The output of the transmitters shall bde
fed through suitable transmission lines to transmit/receiver diplexers. The
isolation between transmit and receive ports shall provide sufficient isolation
to prevent damage to the receiver circuits when the sensor output is counected
to shorts or opens at any phase angle over the entire range of transmitter power
levels. .

3.4.2.5 Transmitter protection.- The transmitters shall contain self-protect
circuitry to prevent damage in case demands exceeding their rated capacity are
imposed by modulation control or ocutput loading. Suitable protection devices
shall be provided to protect the <transmitters from loads up to and including
shorts or opens at any phase angle.

3.4.2.6 Sum, difference and omni-direction couplers.- Directional couplers
shall be provided in the output paths between the diplexers and the sensor RF
port to support performance monitoring functioms (3.4.10) and for the manual
injection and extraction of RF signals. The same directional coupler may be
used for both functions. 1f the same coupler is used, it shall be possidble to
insert or extract the RF signals without the need to disconmect or disrupt the
performance aonitoring functions. Each coupler shall have one incident port and
one extraction port. Each coupler shall meet the following requirements:

Frequancy Range 1010 to 1110 MH2

Power Handling Capable of handling Mode S peak and overall power
requirements )
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{nsertios Loss 0.25 d8 aaximun

YSHWR ' 1.25:1 saxisul

Coupling Factor  lncident port 20 dB % 0.5 d8
lcfloc:od port 15 d3 % 0.5 dB

pirectivity Incident 20 43
Reflected 15 4B

Each output pore shall be calibrated withiz + 0.1 4B, and the weasured
value recorded ot the maincenance panel. The RF 1njection/=x:raczion coupler
shall be calibrated, &t the time of {ostallation, within £ 0.2 dB referenced O
the Sensort RF Port, and the ssasured value recorded on the equipment salntenance
psanel. The Sensor RF port is defined as the rotary Jjoint end of the cable
connectad t9O the sensot front end.

This space {pteaticnally unused
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3.4.3 Multichannel receiver.- The multichannel receiver processes RF siznals
which are input to the system from the Mode S sensor antenna and outputs video
and quantized (two-level) video signals to both the Mode S ~and the ATCRBS
reply processors (3.4.4 and 3.4.5). It also provides auxiliary logarithmic
video and quantized video outputs for backup and military beacon systems. The
sansor antenna consists of three channels, each of which has a different
azimuthal coverage pattern and gain, and 1is named as follows (the symbols I,
A, i, are used to denote the complex amplitudes of signals):

(a) Supn symmetrical pattern channel (I).
(v) Difference antisymmecrical pattern channel (4).
(e) Omnidirectional pattern chacnel (§).
The block diagram of fig. 3.4.2=3 shows the interconnection of the receiver to

the rest of the RF system. The multichannel receiver consists of two major
subfunctions, the froat-end and IF/video processor, with the following

capabilities:
(a) Front end: (Fig. 3.4.3-1)
Conversion of L, A to A, B
Channel bandlimiting at RF
RF preamplification
Frequency coaversioan to IF
IF signal'anplifica:ion

Local oscillator generation and distribution system for frequency
conversion

(b) 1IF/video processor: (Figs. 3.4.3-2 and 3)
LF bandpass filtering
Signal distribution for monopulse processing
A}, By and I signal processing for monopulse off-boresight estimation
Logarithmic processing of the magnitude of I, 4, and Q signals

Video signal processing to develop QID, QZA, QLPS, QINS, QSLSD, and
QSLSA.
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'(c) Auxiliary IF processor: (Figs. 3.4.3=2 and 3)
IF Sandpass filtering
Logarithmic processing of the magnitude the of [ signal
Video signal processing to develop Aux QE

The phase and amplitude response requirements listed in chis and the following
paragraphs are aminimum values only. The System may require ifincreased accuracy to
meet the monopulse azimuth estimation requirements.

3.4.3.1 General description.~- The monopulse receiver shall operate on the beacon
signals (Mode S and AICRBS) received on the three antenna channels. The I and A
signals shall first be combined in the receiver front-end to form the signals:

A= (T + j0)/72
B = J(T - ja)/72

The A, B, and Q signals shall then be translated in frequency to an intermediate
frequency (IF) where they shall be filtered and amplified. The IF gignals Ay and
By output by the receiver front-end, {. e.,

Ap = (I + jA)/"Z, and
Bl - J(x - jA)/as

shall thea be input to the monopulse IF/video processor where they shall be
recombined to give:

(Bl + jAl)/ Y2 - iz

This sigznal shall be used together with the A} and 81 siznals to drive two
matched phase detectors whose outputs are summed to produce the monopulse video
signal, ¢, defined as follows (Arg denotes the argument of a complex amplitude
expressed in polar form):

¢ = [Arg A - arg 3] + [arg (-I) = arg 3]

Processing of the video function £f(¢), that relates the monopulse channel output
to the off-boresight angle, to provide north-related, calibrated and digitized
azimuth data is specified in 3.4.11.

The recovered I, &, and 0 IF signals shall be dinput to separate but matched
logarithmic amplifier/decectors to produce video signals denoted as log IIl, Log
a1, and Log IR]. The Log |I| sigznal snall be processed by a video threshold
comparator to produce the two-lavel gquantized sum video signals denoted QID and
tA. In addition, the slope of the Log I[Z| signal shall be processed by video
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threshold comparators to produce the quantized video signals indicating positive
and negative slopes exceeding a preset threshold (denoted QIPS and QINS). Log
fZ], Log lal, and Log IR shall also be processed by two video comparator
circuits to produce quantized video signals (QSLSD and QSLSA) which indicate
when the |Z|/12] ratio s above a fixed threshold, Tq, and IZl/]&]| is above a
fixed threshold, T,. Note that a suffix "D” indicates a Mode S signal and a
suffix "A" indicates an ATCRBS siznal.

The IF signals A; and By shall also be input to the auxiliary video output
channel where they shall be recombined to give:

(8, +3A;)/ /2 = 4L

This signal shall be filtered and fed to a logarithmic amplifier/detector to
produce an auxiliary video signal denoted as Aux log|I| videc. The Aux Logl|Z|
video signal shall be further processed by a video threshold comparator to
produce the two-level quantized auxiliary sum video signal denoted as Aux QI.

3.4.3.2 OQverall receiver requirements.- This section coatains the overall
receiver requirements, which are critical to the Mode S and ATCRB8S signal
processing subsysctems. These requirements are dictated specifically by the
functional requirements of pulse detection, two pulse resolution, side aad back
lobe discrimination, and monopulse (off-~boresight angle—of=-arrival) estimation.

Subsequernit sections cover the requiremencs of the front end and IF/video
processor separately. The individual subfunction specifications are consistent
with Che overall receiver requirements for a system using a half angle phase
monopulse estimator but, by themselves, cannot easure that the overall
requirements can be met because of the careful interconnection of the components
and subfunction required in this application. Should an appareat contradiction
arise between overall requirements and a subfunction specification, the overall
requirements shall take precedence. A receiver design which counsists of
subfunctions having specifications differing from those described in cthis
document (due to a different allocation of tolerances), but which nevertheless
meeCs the overall receiver rasquirements shall be submitted to the government for
approval. Where the reallocation changes the subfunction specifications of
paragraphs 3.4.3.3 and 3.4.3.4, all subfunctions shall be tested and accepted
based on compliance with the revised and approved specifications.

The receiver section describes a half angle phase monopulse azimuth estimator.
Alternate amplitude monopulse azimuth estimators may be proposed with
appropriate modificationa to the phase-and amplitude specifications within the
receiver, The amplitude ~=onpulse azimuth estimator shall meet all system
azimuth accuracy requirements.
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36321 Definicions.- The following terms apply cto the receiver and Mode S
and ATCRBS processing subsystems. ;= .. .. . - -

Recelver Normal Overating Range - The receiver requiremencs shall apply
for signals at the sensor RF port ranging . from -79 dBa to -20 dBm in
dynamic range and from 1087.0 MHz to 1093.0 Mz in frequency.

ML - Minimm Threshold Lavel, 1s dafined as the nminimm signal level,
referred to the sensor RF port, which will provide a Teply detection
probabilicy of 0.9. Specifically, the recsiver threshold is established
so that ATCRBS and Mode S replies received at a level of -79 dBm shall
have a 0.9 detection probability when the receiver Is simultaneously
exposed Co no intarfering replies. .. . .

Standard Test Pulse - An RF pulse with a trapezoidal errvelope, 450 ns wide
at a level 6 dB below peak amplitude, and with rise and fall times of
100 ns from 1 dB below peak amplitude to 40 dB below peak.

36322 Overal]l noise figure.- The RF losses and gain schedule of the front-
end and IF/video processor, together with the RF coaxial cable losses, shall
Tesult in at most a 10.5 dB systea noise figure, referred to the sensor RF port
(fig. 3.4.2-3).

1.4.3.2.2.1 Tangencial sensitivicy.- The RMS system noise level at the sensor RF
pPott, &s deasured by the following method, shall be -95dBm, maximum: Using cthe RF3
port as the injection point and the aux video output port as the monitor point,
inject 1090miiz CW uncil the monitored quiescent noise level i3 increased by 348
(er 3C mv, where C = log slope in mv/db). The injected signal level raferred co
the sensor port shall then be less than -92dBa. :

443,23 0Qverall momopulse accuracy.- A calibration curve shall be derived for
the monopulse chamnel to define the relationship between the ratiec A/J at the
sensor RF port and the digitized samples of monopulse video. The calibracion
shall be obtained with a standard test pulse at a frequency of 1090 MHz and a
level of -50 dBa at the I charmel RF port. The A/ T ratio shall be precisely
- varied between the limics -2 and + 2 ({.e., + 6 dB to -30 dB in and out of
phase). The calibration data are to be smoothed by the mechod selected for
initial calibration of a sensor (see 3.4.11). This calibration curve shall be
employed to produce estimates of A /% for pulse inmputs at frequencies between
1087 MHz and 1093 Miz and I levels from -79 dBm to -20 dBm except the ( £ + jA)
and (A+ jZ) levels are not expected to exceed the level corresponding to Z = -20
dBm at boresight. :

When a scandard test pulse i{s introduced at the sensor 3 andARF ports, the
monopulse video output shall have a scable region of 0.2 us whose location wich
respect to the pulse leading edge remains invariant over the dynamic range and
frequancy variations. Samples taken over the levels and frequancies stated above,
and at any single point during the 0.2 xs incerval shall yield an estimate
of A/Z with a peak-to-peak variation not exceeding 0.10 (1 +{a/Z'2), 0.025 (1
+14/%1'2) ms, for A/ T within the calibracion limits. In addition, the maximu
variation from the calibracion point (1090 MHz and -50 dBm) measurement shall not
exceed 0.062 (1 +lA/Zi2).
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Pulse-to-pulse averaging will be required for signals in the range -50 to -80 dBm
for samples at one point within the 0.2 us window. .

At 1090 MHz, with the ARF port terminated and a standard test pulse at the SRF porc
ac a level of -79 dBm, the output shall at any time within the same 0.2 xS window
indicate a A/Z ratio less_ than. 0.l5 rms. . - .

4 4 .- The following overall performance réquiremencs
apply from the (Z, 4,0 ) RF .inputs .referred to the sensor RF port to the outputs of
the four log detectors in.the IF/video processor -labeled Log |Z], log |Al. Log Q).
and Aux Log |Z|, in fig. 3.4.3-2. Input signals (CW and puise) shall be varied over
the receiver normal operating range (3.4.3.2.1).

(a) Differential amplitude - The peak pulse amplitudes of Log || relative to Log
1Z], and the peak pulse amplitudes of Log |A|, relative to Log |Z|, shall be
within + 1.0 dB for standard RF input pulses of equal amplitude and varying
over the full dynamic and frequency range. All time intervals shall be witch
respect to the 3 dB below peak amplitude point.

(b) Differential delay - The pulse delay of the output log 2| relative to Log
|Z|, and the delay of Log |A], relative to Log [2], shall be no more than +
25 ns for standard RF input pulses of equal amplitude and varying over the
full dynamic and frequency range. :

(¢) log video fall time - The output log video fall time shall exceed a slope
of -140 dB/us from the -3 dB point to the -40 .dB point, and shall be
monotonic frem -3 to -30 dB for standard RF input pulses in the range -20
to -35 dBm over the full frequency range of 1087 MHz to 1093 MHz for Log
|21, Log |&|, and Log |Q|. For Aux Log |Z| log video output, the fall time
shall exceed a slope of -140 dB/us from the -3 dB point to the -20 dB poinc
and shall be monotonic from -3 to -20 dB for standard RF input pulses in the
range -20 to -55 dBm over the full frequency range of 1087 MHz to 1093 Miz.
Thers shall be no time sidelobes higher than -30 dB with respect to peak for
Log |Z]|, log |A|, and Log |2] and no time sidelobes higher than -20 dB with
respect to peak for Aaux log |Z].

(d) Pulse stretching - The output log video pulsewidth as measured at the 6 dB -
level shall be equal to the RF input pulsewidth plus 50 nanosec, minus O
nanosec.

4 i .+ The receiver shall be capable
of operating in the presence of CW and pulsed CW interference applied over the range
of 1080 MHz to 1100 MHz as follows.

4 .- The receiver shall meet all Mode S and ATCRES reply
detection requirements in the presence of CW interference for replies whose peak
amplitudes exceed the peak amplitude of the interferencs by Jc dB, where Je=6(3 -
12,1], for CW levels between -95 dBa and -20 dBa whose total power of CW + reply
peaks are within the dynamic range of the receiver as defined in 3.4.3.2.2. The
receiver shall adjust T and Ty, appropriately within 2-milliseconds of the
detection of the CW in:etﬂ)tence T and Ty, shall be continuously adjusted to a)
reject the CW interference, and b) datect higher amplitude replies.

The azimuth(s) of all detected CW interferors shall be reported to the performance
monitor (3.4.10.2.2).



FAA-E-2716

3.4,3.2.5.2

edel3elede b
the leading edge of
leading
3.4,3.2.5.2 (a)
produced across a 75 ohm terminating

edge of any pulse

Pulsed Interference.- RF input pulse
shall be ilampressed at the receiver input in such a manner that

the first pulse of the

and impressed at the receiver input.

-129-

train #2 as

0.7 us
described

train occurs

of RF dinput pulse train #1

resister at

output shall be as described in 3.4.3.2.5.2 (¢).

(a)

Input Pulse Train #1.

()
()

(3)
(&)
(3
(6)
%)
(8)
(b)

Number of pulses

Spacing of pulses

Amplitude

Duration of pulses
Rise time §f pulses
Decay time of pules
Droop of pulse train
Freqﬁency

Input Pulse Train #2.

(L
(2)

Number of pulses

Spacing of pulses

Amplitude

Duracion of pulses
Rise time of pulses
Decay time of pulses
Droop of pulse trala

Frequency

15

First and last pulse spaced 20.3 % 0.l us
leading edge to leading edge; other pulses

equally spaced in increments of l.45 % 0.05 us

from leading edge of first pulse.

=40 dBm'referred to the sensor RF port.
0.55 us +0, -.05 us

0.l us maximua

0.2 us maximunm

Not greater than 2%

1090.00 MHz

13

First and last pulse spaced 20.3 = 0.1 us
leading edge to leading edge; other pulses

equally spaced in i(ncrements of 1.45 = 0.05 us

from leading edge of first pulse.

=60 dBa referred to the sensor RF port.
0.55 us +0, =0.05 us

0.1 us zaximum

0.2 us maxizum

Not greater than 2

WA

Vv AQE N~
129C. 20

described in
after the

The resultant signals
the auxiliary video channel
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(¢) Output Pulse Train Produced by Input Pulse Train #2.

(1) MNumber of pulses 15

{(2) Spacing of pulses First and last pulse spaced 20.3 % Q.1 us
leading edge to leading edge; other pulses

equally spaced in increments of 1.45 = 0.05 us
from leading edge of first pulse.

(3) Amplitude Quantized: full output
Nonquantized: 0.8 volts

(4) Duration of pulses 0.55 £ G.05 us

(5) Droop of pulse train Not greater than 2%

3.4,3.3 Front end.

3.4,3.3.1 General.- The front end shall accept RF sum and ‘difference {nputs
from the monopulse antenna channels via two amplitude and phase wmatched
coaxial cables. It shall also receive RF inputs from the omni chaanel.

The coaxial cables to trausmit the A;, B) and 01 channel IF signals from the
monopulse RF processor to the IF/video processor shall be included as part of
the multichannel receiver.

3.,4.3.3.2 Dynamic range and gain.~ The expected dynamic range of RF input
signals will be from the noise level to -20 dBm referad to Che sensor RF port.
The three channels shall be linear over this dynamic range with less than 1 dB
compression at the output for =20 dBm input.

3.4.3.3.3 Frequency rasponssa.- The frequency respoase of the front end shall
have the following characteristics as measured from the RF inputs (A, B, ) co
the corresponding IF outputs (A;, By, $).

3.4.3.3.3.1 Amplitude responses.

(a) Center frequency: 1090 MHz nominal

(b) Bandwidth: Flar to within 2 0.25 dB from 1087 MHz to 1093 MHz.
Flat to within 1 4B from 1083 MHz to 1097 MHz.
Flat to within 3 dB over the band % 12 MHz, centered
at 1090 MHz.
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Tle response shall drop monotonically outside of the 3 dB
limics to =60 dB, and shall be at least =60 dB referred
to the response at 1090 MHz over the band 225 MHz to

1035 Mz, and over the band 1150 MHz to 30G0 MHz.

(¢) Differencial channel amplitude response:

B relative to A: 20.5 dB over the band 1083 MMz to 1097 ‘Hz.
d relative to A: £0.5 dB over the bdand 1083 MHz to 1097 '‘®iz.

3.4.3.3.3.2 Phase response.

(a) Linearticty:

The channel transfer phase response shall be linear
to withia £10° over cthe band 1083 'Hz co 1097 MHz.

(b) Differential Phasu:

B relative to A shall be:
within +1.5° over the band 1087.!%: to 1093 MHz.
within +3.0° over the band 1083 Mz to 1097 Miz.

3.4.3.3.4 High-level signal protection.- The front end shall not suffer any
degradation in performance (overall gain or noise figure) 2 us after being
subjected to continuous high-level input sigznals of +10 dBa or transient inputs
of +30 dBa (for 1 us and 0.001 duty cycle).

3.4.3.3.5 Test points.~ Test points for monitoring the performance of che
front=end shall be provided 1in accordance with the reguirements of the
performance monitoring function (3.4.10).

3.4.3.3.6 Image rejection.~ The image frequency band shall be rejected by at
least 90 dB, referred to the response at 1090 ‘MHz.

3.4.3.3.7 Local oscillator.- The LO shall be 1030 MHz * 0.01X.

3,4.3.4 IF/Video processor.

3.4,3,4.1 General.- The IF/video processor shall accept IF inputs from the
front=-end via phase and amplitude matched coaxial cables, without degrading
either overall noise performance or accuracy of the monopulse channel.

3.4.3.4.2 1IF bandpass filters.- The IF filters are critical to the pulse
fidelicty and monopulse accuracy obtained at the receiver output. The detailed
requirements of the IF filczers are gliven below:
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(a)

(b)

Frequency Response:
IF Frequency : 60 MHz

Bandwidth 8 +1, =0 Miz at =3 dB points
< 30 MHz at =40 dB points

Phase Response Linear within % 10° over 14 MHz range
centered on IF

Differential Amplitude All three filters wichin £ 0.5 dB at IF.

Differential Phase Channel A, B, filters to within
+ 3° over the |4 MHz range centered at IF.

Pulse Response (To a standard test pulse as in 3.403.2.1):

Rise time <160 ns; from 40 dB below peak to 3 dB
' below peak.

Fall time - <160 ns; from 3 dB-below peak to 40 dB

3.4.3.4.3 Limiter/phase detector (monopulse) channels.-

(a)

(b)

Accuracy = For cohereat CW inputs, the limiter/phase detector subunic
output shall be calibrated to indicate the relative phase of inputs A}
and By to within £3® for all frequencies within =3 MHz of the IF
nominal center frequency, and for phase differences between A; and B
in the range + 40° to =220° and for signal amplitudes at Aj and B,
which are consistent with RF signals input to the sensor RF port inm the
range =20 dBm to =79 dBm.

One single calibration curve shall be wused to translate the phase

detector video output into relative phase between A) and By to within =
3° over the full dynamic and frequency range.

Pulse response - For standard test signals act A} and B the phase
detector output shall reach the nominal steady state value within
200 ns of the input pulse leading edge and maintain that value to
within *1.5° for 200 ns. This requirement shall be satisfied for all
pulse amplitudes and frequencies within the receiver normal operating
range.

3.4.3.4.4 logarithmic amplifier/detectors.~ The logarithmic amplifier/detectors

shall have the following characteriscics:

it
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L

Input dynamic range 74 dB, corresponding to the range -20 dBa
_ to =94 dBm referred to the sensor RF
port.
‘Linearity Linear to .within + 0.5 dB over the range
=20 dBm to ~79 dBm referred to the sensor
. . RF port.
Output level stabllity The transfer characteristic (volts out vs

RF input level in the range =20 dBm to
=79 dBm referred to the sensor RF por:)
shall be stable to within the equivalent
of +1 dB, for periods in excess of 1000
hours.

Rise time of video oucput The output shall rise from =40 dB
referred to peak to =3.0 dB referred to
peak in €100 ns for an IF pulse input
with a rise time of less than 20 ns.

Fall time of video output The output shall fall from =-3.0 dB
referred to peak to =40 dB referred to
peak in €100 ns for an IF pulse input
with a fall time of less than 20 ns.

3.4.3.4.5 Video quantizer.- The video quantizer shall operate om Log |Il, Log
21, and Log lﬁi video signals to produce six differemt output signals
quantized in amplitude to two levels (see fig. 3.4.3=3). The transition time
between levels in all quantized video signals shall be no more than 20 ns.

3.4.3.4.5.1 Quantized sum videc.- The quantized sum video signals (dencted QLD
and QLA) shall be derived from the Llog [I| video signal according to the
following rules. Demoting the IF sizgnal envelope on the f channel at time t as
L(t), the QD signal shall be in the 'l’' state whenever I(t) exceeds a
 threshold, and shall be in the '0' state otherwise..That is:

1 whenever [I(t)I> Tgp
QiD =
Note: Suffix “D" designates Mode S signal;
0 otherwise suffix "A" designates ATCRAS signal.

The QLA signal is defined as follows:
1 whenever 1Z(c)|> Tg,

QLA =
0 otherwise

3.4.3.4.5.1.1 Detection threshold.- The detection threshold Tgp, shall be the
greater uf three terms: o
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Tgp = ®ax {Tpps Tapappr TsTCD!

where Tpp is a fixed threshold, T,mpp is a signal dependent, adaptive Cerm, and
Tgrcp 18 a time-varying term. :

The detection threshold Tgs shall be the greacer of chree terms

Tza = max {Tpa, Tapapar TsTcal

where Tpp i3 a fixed threshold, Tppapa is a signal dependent, adaptive term, and
TsTca 18 o time=varying term.

The nominal secting of Tpp shall be such that with Typ = Ty a long Mode S reply
input at the sensor RF port at a level of =79 dBm would be detected with a
probability of 0.9 in the presence of no fruit or synchronous garble.

There shall be provision for manually adjusting the threshold Tpp over a range
corresponding to RF signal inputs from =90 dBm to =65 dBm in steps no greater
than 1/2 dB.

The nominal secting of Ty, shall be such that with Tga = Tpa an ATCRBS reply
bracket ianput at the sensor RF port at a level of =79 dBm would be detected with
a reply probability of 0.9 in the presence of no fruit or synchroanous garble.
There shall be provision for manually adjusting the threshold Ty, over a range
corresponding to RF signal inputs from -90 dBa <to =65 dBm in steps no greater
than 1/2 dB.

3.4.3.4.5.1.2 Adaptive threshold.- Adaptive thresholds, TppapD and Tapapa, shall
be provided to reduce the likslihood of detecting low-level multipath as reply
pulses and to reject CW interferences. Multipath rejection shall be accomplished
by referring the detection threshold to the amplitude of the last detected pulse.
Whenever a pulse whose width is greater cthan 300 as and whose Q D (QTA)is
set to a 'l', is detected, Log Tapapp (108 Tapapa) shall be sec to a value K dB
below the amplitude of that pulse or set to zaro, whichever is greater. After <t
ue Tapap 18 reset to O. Log TADAPD (lLog TADAPA) shall not be changed if the
pulse width is less than 200 ns.

TADAPD ® OD&X ({log [Z4] - Kgt, 0) for t < 1y
Tapapa = oax ({log [Z¢] = Ry}, 0) for t € 71y

where t is the time elapsed since the last detected pulse, and Log [T(| 1is the
amplitude of that pulse. Kp shall have s nominal value of 20 48. There shall be
provision for manually adjusting Koy in steps no greater than 1 dB over the range
15 dB to 30 dB. tp shall have a nominal value 12 .s. There shall be provision for
manually adjusting tp over the range .2 .s to 123 us. Tapapa shall be reset at
the end of each Mode S reply.
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Kp ‘shall have a nominal value of 20 dB. There shall be provision for manually
adjusting K, in steps no greater than 1 dB over the range 15 dB to 30 dB.7, shall
have a nominal value 10 is. There shall be provision for marually adjusting v A over
the range 2us to 26us.

Thers shall be provision for disabling either or both of the adaptive thresholds,

f.e., fixing Tapapp = O or Tapaps = 0. or both. Tanapp (TADAPA) shall also be
dynamically varied in order to reject CW interference as specified in 3.4.3.2.5.1.

2.63.6.0.1.3 Sensitivicy Time Control (STC).- The time varying thresholds Tgrcp and

Tgrca shall be provided for use in some situations to minimize occurrence of false
replies arising from reflections. These thresholds shall be site adaptable.

The threshold Tgrcp is applicable for reception of Mode S replies. Following a Mode S
Roll-Call interrogation, Tgpep shall conform within #3 4B to:

cl for t < 140.35
T (t) = t - 128.0
STCD Cl - 20 10g -----vnu- for t > 140.35

t = a fixed time in microseconds that represents the time from the sync
phase reversal to the expected time of each reply. The above expression is
valid for all values of t up to the point at which Tgpep becomes negative.
Tgrcp remains fixed for the entire length of the reply window. Tgrep shall
remain fixed at the value Tgpcp at range p, vwhere p, is the earliest expected
range of each reply (3.4.6.10.4.3). Cl is a parameter, adjustable i{n steps no
greater than 1 dB over the range O to 55 dB. Following an ATCRBS/Mode S All-
Call interrogation, or a Mode S-only All Call interrogation, Tgrcp shall
conform within +3 dB to: .

c2 for ¢ € 140.35
TSTCD(t) - t - 128.0
C2 - 20 log --------- for ¢ > 140.35

For an ATCRBS/Mode S All-Call incerrogation, t = time inus after the leading
edge of interrogation pulse P4 up to the point at which this expression becomes
negative. For a Mode S-Only All-Call interrogation, t = time inus after the
sync phase reversal up to the point at vhich this expression becomes negative.
C2 is a parameter adjustable in steps no greater than 1 dB over the range 0 to
55 dB. : -

The threshold Tgpc, is applicable for reception of ATCRBS replies. Following an

ATCRBSMode S All-Call interrogation, an ATCRBS-only All Call interrogation, or an
ATCRBS interrogation, Tgrcs shall conform within +3 dB to:

c3 for £ £15.35
TSTCA(C) - t - 3.0
C3 - 20 log ---vv---- for t > 15.35
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t = cime inus after the leading edge of interrogation pulse P23 up to the point
at which this expression becomes negative. Cl is 4 parameter, adjustable in steps no

greater than 1 dB over the range 0 to S5 dB.

Mmlz.mdlm-- The quantized slope: signals are used to:indicate
when the slope of the 2 signal exceeds & preset rate in the positive direction and in
the negative direction. The quantized positive slope signal is danoted by QZPS and is
defined as follows: .

1 whenever [Z(t)|/|Z(c-d)| > Tps
CPS - (or equivalently, when Log [Z(t)| - Leg |Z(t - d)| > Log Tps)

0 otherwisas.
The quantized negative slope signal is denoted by (EZNS and is defined as follows:

1 whenever [Z(t-d)|/|Z(t)| > Iys
CNS = (or equivalently, when log |Z(t-d)| - log {Z(t)| > Log Tys)

0 otherwise

The valus of the dalay d shall be 125 +10 ns. The nominal valuss of the threshold
parameters Tps and Tyg shall be 2.0 (6 dB per 125 ns), with provision to adjust these
parameters over a range of 1.5 to 4.0.

3.46,3,6,53 Ouantized sidelobe - suppressed video.- The Log 2|, log |A|, and log
)] video signals shall be used to derive the quantized, sidelobe-suppressed video
signals (denoted QSLSD and QSLSA) defined as follows:

P~

1 whenever log |Z| - Log Kl > Log Tpand
QSLSD = j Log [Z] - Log |A]l > Log Tp and
Log || > Log Tgp.

\ O otherwise

1 whenever log |Z| - Log K| > Llog Tand
QSISA-W log 2] - log lA| > log Ty and
Log 12| > Log Tsa.

L 0 otherwise
The threshold parameters T and Tp shall have nominal values of 1 (0O dB), and
provisions shall be made to manually adjust Tqover the range corresponding to |2|/Kl|
ratios from +20 dB to -10 dB and Tpover the same range of |S|/1Q] ratios.

4 . : da .

3,4.3.5.1 IF bandpass filter.- The detailed requirements of the IF filter for the
auxiliary videc ourput chamnel are given below:
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a. Frequency Response
IF Frequency - 60 MHz

Bandwidch Flat to within 1 dB from 57 MHz to 63 Mz
2 8 MHz at -3 dB points
< 18 MHz ar -40 dBm points

b. Pulse Response

Same as 3.4.3.4.2(b) excepc the fall time shall be measured from the 3dB
point to the 20 dB point.

4 or.- The logarithmic amplifier/decector for
the auxiliary video output charmel shall have the same characteristics as 3.4.3.4.4.

3.4.3.5.3 Video quancizer.- The video quantizer in the axiliary wvideo output
charmel shall operate on the auxiliary |$| video signal to produce an output signal
quantized in amplitude to two levels. The transition time between levels shall be no
more than 20 ns.

4 ed v -- The quantized auxiliary sum video
signal (denoted Aux Q) shall be derived from the Aux Log |Z| video signal according
to the rules specified for QXA in paragraph 3.4.3.4.5.1. ,

3,433,532 Detection threshold.- The detection t:hrest;old for the auxilia'ry sum
video signal (denoted Aux Tg) shall be the greater of three terms

AxTy = MAX (AXTE, AxxTanap, AuxTgye)

AxTp, AuxTap,p and AxXTope shall have the same characteristics as specified for Tg,,
Tapapa and Tgpe, respectively in paragraphs 3.4.3.4.5.1.1 through 3.4.3.4.5.1.2. .

4 4 v -~ The video from the auxiliary video output charmel shall be
selectable between the ATCRBS log sum quantized video (log |Z| video in Fig. 3.4.3-2)
and the auxiliary log sum quantized video (Aux |Z| video in Fig. 3.4.3-2). The
selection shall be accomplished by means of a variable site selectable parameter.
Four independently quantized auxiliary video oucputs and a log auxiliary video ourput
shall be provided from the interrogator charmel. Each output shall be electrically
isolated so that a short or failure in one output shall not affect the other outpucs.
Each quantized awxiliary video output shall <comply with the electrical
characteristics of EIA RS-422 Standard.

Overshoot and undershoot on the video pulses shall be less than 5 percent.

The log video output shall be provided by a line driver capable of driving 75 ohms.
Pulse characteristics shall be as specified in 3.4.3.4.4.
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3.4.4 Mode S reply processing.- The Mode S processing subsystem shall process
the multichannel receiver output signals to detect Mode S roll=call and All-Call
replies, to provide range and ‘monopulse estimates, and decode message blocks. for
both types of replies. The inputs to the Mode S processing subsystem from the

multichannel receiver are:

(a) Log I video.
(b) Quantized video signals (QLD, QLPS, QLNS, QSLSD).
{(¢) Monopulse video (¢).

In addition, the Mode S processing subsystem requires the following inputs:

(d) Station time clock, continuously available (3.4.13.3).
(e) Time-of-day clock (3.4.13.2,2).
(f) Antenna boresight azimuth encoder, continously available (14 bits).
(g) Reply-type indicator (All=Call or roll=call).
(h) Roll=call reply processing information, (Fig. 3.4.4=12a):
- Reply length (56 or 112 bits);
Expected Mode S address;
Earliest expected time of arrival (range unit word, 3.4.13.3.2)
Reply window (3.4.1.5.4.4.1(7))
(1) All=Call reply processing information (Fig. 3.4.2=1(d)).
Transmission time of the interrogation (range unit word,
3.4.13.3.2).
Listening window (3.4.1.2.3.4)
Site address for Mode S=-Only All=-Call (Mode S National Standard).

The output of the Mode $ ptoceésing subsysten shall consist of reply reports, one
per detected All-Call reply and one per scheduled roll-call reply. Each reply
report shall contain the following information: ’

(a) Range (for All-Call replies) or range correction (for roll-call replies)
(range unit word, 3.4.13.3.2).

(b) Monopulse estimate (3.4.4.2.5).

(¢) Antenna boresight azimuth encoder (14 bits).

(d) Time of day for the reply (3.4.13.2.2).

(e) Decoded message (for successfully decoded replies) (32 or 88 bits)

(f) Failure indication (for unsuccessful roll=-call reply processing)
(3.4.4,8,2(b)).

3.4.4.1 Major subunits of the Mode S processor.- A functional bhlock diagram of
the Mode S processing subsystem is shown in fig. 3.4.4-1. The major sub=units of
the processor shall be:

(a) Video digitizer.
(b) Preamble detector.
(c¢) Message bit processor.
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(d) liessage decoder.
(e) Monopulse processor.
(£) Antenna azimuch-range=-timing unit.

The design requirements of each of these subunits are specified in the
following paragraphs.

3.4,4.2 Video digitizer.= The function of the video digitizer is to provide
digital data ia appropriate format for reply detection and processing. A
functional block diagram of the video digitizer is shown in fig. 3.4.4-2.

3,4.4.2.1 Video pulse quantizec/digitizer.= The video pulse quantizer/
digicizer (VPQ) circuit shall operate on the three quantized video siznals
derived from Log |€], namely, Che nNLD, QILPS, and QINS signals, to produce a
clocked binary data stream which faichfully preserves the width of pulses with
amplitudes greater than a specified cthreshold. The output data stream of the
VPQ, denoted SQLD, shall be clocked at 16.000 Miz and shall drive the Mode S
preamble detector cirecult.

3.4.4.2.1.1 Leading edge declaration.- The VPQ circuit shall declare a pulse
"leading edge” at time Cy, signi‘ied by a transition of its next output btinary
digit from the "0" state o the ~1" stace, whenever all of the following
conditions are satisfied simultaneously.

(a) QD (gp +4d) =1
(b) QIPs (zy) =1
(c) QIPS (] +d) =0

The time delay, d, shall be two 16.000 MHz clock periods.
3.4.4,2.1.2 Trailing edge declaration.- The VPQ shall declare a trailing edge

at ttme ty, signified by a transition of its next output binary digit from the
-1~ state to the “0" scate, {f tts outlput {s i{n the "1" state and

QLD (ty) = O.

The VPQ shall declare a potenttal trailing edge at time t), if its outpur is
{n the "1 state, vhenever the following condicions are satisfied
simultaneously:

(a) QINS (g = d) =0
(b) QILNS (t3) =1

The parameter d is the sane as specified in paragraph 3.46.3.4.5.2. A potential -
trailing edge at time > sha.. be dec.ared an actual tralling edge if:

(a) QID (cp + d) = ., ot
(b) QIPS (ty + &) = 1. af
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(c) ~ QENS (£y + d) = 1, and QID (g + 2d) = 0, or
(d) QINS (t; + d) = 1, and QIPS(ty; + 2d) = 1, or
(e) QINS (ty +d) =1, and QINS(ty + 2d) = 1,

3.4.4.2.2 Sampling control logic.- Upon receipt of a trigger pulse denoting
detection of a Mode S preamble, and a reply length indicator bit (denoted L),
the sampling coatrol logic circuitry shall generate a sequence of sampling
control pulses to be used to control the instants at which the digitized videg
signals SQID and QSLSD, monopulse video (¢) and Log IZ| amplitude comparison
signals are sampled for processing a Mode S reply data block. For short replies
(L=0) a sequence of 112 sampling control pulses shall be generated to sample
the reply block once per chip (cwice per bit interval). For long replies (L=1),
a sequence of 224 sampling control pulses shall be generated.

A data block chip is defined as one half of the 1.0 usec interval corresponding
to a reply amessage data bit. A pulse transmitted in the lst half of the
interval (lst chip) denctes a bit level of “l". 4 pulse transmitted in the 2nd
half (2nd chip) denotes a bit level of "QO". :

The timing of the sampling control pulses relative to the preamble detection
trigger pulse shall be such that each data block chip is sampled 375 ns after
its expected leading edge time of occurrence (as determined from the leading
edge sample of the first preamble pulse in the SQID data stream). (See fig.
3.4.4=3), That is, the sampling of the video waveforms corresponding to the
first chip of the data block shall occur 8.375 wus (or 134 sample intervals)
afcer the point on the Log |2] video waveform which corresponds te the 'l' in
the SQID data stream which represents the leading edge of the firsc preamble
pulse of the just detected preamble. '

Provision shall be made to manually change the start time of the data block
sampling to 1lie anywhere in the range 134 + 3 sample intervals after the
leading sample of the first preamble pulse.

It is intended that the sampling control logic provide for samples of the video
waveforms that fall within the 0.2 us monopulse sampling window of each chip
described in 3.4.3.2.3.

3.4.4.2.3 Quantized sum video digitizer.- Upon detection of a Mode S preamble,
an output shall be generated by the quantized sum video digitizer uynder concrol
of the sampling control logic described in 3.4.4.2.2. The resulting output is
one sample per data block chip, with the sampling instants occurring nominally
at 375 ns (6 sample intervals) after the expected leading edge of each chip, as
determined from the leading edge sample of the first preamble pulse in the SQID
data stream (3.4.4.2.2).

The data block samples of :the quantized sum video digitizer corresbonding to
the first and second cnips of the ith i{nformation bit of the data block will bSe
denoted bv Mli and Ma;, respectiveliv.
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44 2.4 V. i -+ The two level video waveforms QSLSp
provided by the log video comparator (3.4.3.4.5.3) shall be sampled once per data
block chip with the exact sampling instant controlled by the sampling control logic
(3.4.4.2.2). The resulting sample values shall be binary, with a 0 denoting the QSLSD
signals which are sidelobe pulses and a 1 denoting mainbeam pulses.

The output samples of the quantized SLS video digitizer corresponding to the firs:
and second chips of the ith information bit of the data block will be denoted by Ryj
and Ryy, respectively.

2.4.6,2.5 Monopulse digitizer.- The monopulse video charmel shall be sampled once per
data block chip with the exact sampling instant controlled by the sampling control
logie (3.4.4.2.2).

The monopulse sample values shall be represented as 8§ bit words, i.e., the
monopulse video signal shall be converted to one of 256 levels danoted by the
integers from 0 to 255, with increasing sample values corresponding to off-
boresight angles going from left to righe. Provision shall be made to adjust
the monopulse video channel gain prior to the A/D convertar so that the range
of off-boresight angles corresponding to antenma pattern gain ratios

fa
2<T <2
- z -
are converted to the 237 levels in the center of the full vange of 256 output levels.
That is, the off-boresight angle corresponding to %- -2 shall be corverted to ievel

10 and-Af = 2 shall be converted to lavel 246.

The monopulse samples corresponding to the first and second chips of the ith
information bit of the block will be denoted by ¢14 and $2i{, respectively. :

4.4.4.2.6 Amplicude comparison digitizer.- The Log |Z| video imput signal shall be
compared for both chips corresponding to an information bit of the data block. This
amplitude comparison may be done as shown in fig. 3.4.4-2 using 24 0.5 + 0.03 us dalay
line and a digical comparator. The output of the digital comparator shall be sampled
once per information bit with the exact sampling instant controlled by the even chip
samples of the sampling control pulses provided by the sampling control logic. The
resulting samples shall be binary valued, with 1 used to denote when the amplictude of
the first chip is larger than the second chip, corresponding to a ’'l’ information
bic.

The amplitude comparator sample corresponding to the i-th information bit of the daca
block will be denoted by Ay.
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3. 44,3 Pregmble detector.- The Mode S preamble detector processes only the SQ I D
binary data stream and produces as its output a precisely timed trigger pulse which
shall be used to determine range and to establish the exact timing of the data block
sampling. The preamble detection trigger pulse shall be inhibited except during the
All-Call listening interval and during roll-call preamble listening windows. Preamble
trigger pulses shall also be inhibited for the duration of the data block following
detection of any Mode S preamble. _

4.4 .- A Mode S preamble shall be declared when
valid pulses are detected in. all four positions of the preamble waveform and, in
addition, at least two of the pulses are detected with clear leading edges. A valid
pulse is defined to be one in which at least k out of 8 successive samples of the
SQSD data stream are ‘l’. (The parameter k shall be manually settable to values &, 5,
6, 7 or 8.) A clear leading edge is defined as a valid pulse for which the SQZD
sample preceding the 8 samples of the pulse is a 'O’ and the first of the 8 samples
of the pulse is a 1. The position of a pulse is defined as the location of the first
of the eight successive samples corresponding to the pulse.

A Mode S preamble shall be declared when a valid pulse is followed by three
addicional valid pulses located 16, 56, and 72 sample positions after the position of
the first pulse and, in addition, at least two of the four valid pulses have clear
leading edges which are in agreement with the above spacings within # 2 samples.

If no preamble is detected within a preamble processing window, the Mode § reply
processor shall output a signal to denote this event in the reply report.

3.6.6.3,2 Time-of-grrival escimation.- The time-of-arrival of a Mode S preamble
(denoted t,) shall be taken to be the position of the (leading edge sample of the)
first preamble pulse. The preamble detection trigger pulse shall occur at a knowm,
fixed dalay- following the preamble time-of-arrival. This delay shall be used in
determining a target range estimate (r) for All-Call replies, or target range
correction (Ar) for roll-call replies. '

3.4.6.4 Message bit processor.- The message bit processor shall procass the video
digitizer outputs corresponding to a sampled data block and produce a sequence of
information bit decisions and a corresponding sequance of confidence bits. The
lengths of these sequences shall be 56 or 112 bits, depending on the reply length
indicator bit L, also input to the bit processor. For each information bit of the
data block processed, the bit processor shall operate on the inputs:

(a) Ay, amplitude comparison sample,
(b) Mypi, My, quantized sum video chip samples,
(¢) Ripi. Ryy, quantized SLS video chip samples,
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and shall produce the two output bits:
(a) Dy, the information bit decision,
(b) ¢y, the confidence bit ('l' = high, '0' = low).

3.4,4,4.1 Information bit decision rule.- The bit decision rules for Dy are
given in Table 3.4.4-1. These rules wmay be summarized as follows: The bit
decision shall be governed by the value of the amplitude comparison sample Aq
except when the SLS video samples contradict this decision and the quantized ©
samples indicate pulses present in both chip positions, in which case, the bit
decision shall be governed by the SLS video samples (D = 1(0) if Ryy = 1(0) and
RZi = ( (l) and Mli = MZi = 1),

Boolean expressions for Dj, which are consistent with Table 3.4.4=1 are as
follows. (The symbol()ij used to denote the logical 'exclusive OR' operation,
which is the same as the binary sum Modulo 2 operation.)

Dy A O [Myy  My) L Ry @ Ryp) - (A @Ry
3.4.4,46.2 Confidence bit rule.- The confidence bit rule for C{ in which high

confidence 1is denoted by '1', 1is given in Table 3.4.4=1, The Boolean
expression for Cys which is coansistent with the table, is

€y = Ry « Hyy oMy Ry L Ryp) (A LMy L Hyy . Ry L Byy).

3.4.4.5 Monopulse processor.- The monopulse estimate for a reply shall be
formed as the average of 16 acceptable monopulse samples 15 of which correlate
with a monopulse reference derived using two acceptable, monopulse samples.

The monopulse sample taken on the first chip of the ith information bit is
defined as an acceptable sample i{f the following conditions are true:

(l) Di = ]
lst chip
acceptable
(b) Ci s ]

The monopulse sample taken on the second chip of the ith information bit is
acceptable if the following conditions are true:

(a) Dy = 0
2nd chip
acceptable
(b) Ci = ]

These rules are included in Table 3.4.4-1.
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TABLE 3.4.4-1 MODE S BIT PROCESSING DECISION RULES.

Bit Coniidence Honopulse_

Decision Biz Acceptable
Ay Mpq Mgy Ryj Rpg Dy Cy (Chip 1 or 2) Remarkst
0 0 1 0 0 0 0 - Chip 2 with SL interferer
¢ o0 1 o0 !} 0 1 2 Interference Free
0 0 1 1 O *
o 0 1 1 1 *
0 1 L 0 0 0 0 - Both chips with SL interferers
0 1 1 0 1 0 0 - Chip 1 with SL {nterferer
0 l l 1 0 1 0 - Chip 2 with SL interferer
0 1 l 1 l 0 0 - Signal + MB interferer
0 1 0 0 ) IR e Both chips with SL interferers
o 1 0 0 1 *
o 1 o 1 © 0 0 - Both chips with interferers
0 1 0 1 1 * ' :
o 0 0 0 0 0 0 - Chip 2 with interference
0 ¢ o0 0 1 ) * _ )
6 o o 1 0 *
o 0 0 1 1 *
1 10 0 0 1 0 - Chip | with SL interferers
1 1 o 0 1 * '
1 1 0 1 0 1 1 1 Interference Free
1 1 0 1 1 *
I 1 1 0 0 I ) ~  Both chips with SL interferers
1 1 1 0 1 0 0 - Chip ! with SL interferer
1 1 l 1 0 1 0 - Chip 2 with interferer
1 1 1 1 1 1 0 - Signal + MB interferer
1 0 1 0 © 1 0 - Both chips with SL interferers
l 0 1 0 i 1 0 - Both chips with interferers
1 0 1 1 0 *
1 0 1 1 1 d
1 0 0 0 O 1l 0 - Chip 1 with interference
1 0 o0 0 1 *
1 0 © 1 O *
1 0 0 l 1 *

*Impossible case, by definition of QSLSD from which Rli; RZi were derived.
tAbbreviations: SL = Sidelobe, MB = Main Beam.
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A ponopulse refecence is defined as the average of two successive acceptable
monopulse samples which are within K counts of each other (the parameter K
shall be manually setable and of value 20(0-63,1)). That is, twe Donopulse
samples are said to be correlated with easzh other if their 8=big sample
values, taken as integers from 0 to 255, differ by K or less. Thus, a4
monopulse reference shall be taken as the average of the first pair of
Successive, acceptable monopulse samples which correlate within K counts.

The monopulse estimate for the reply shall be taken as the average of the
wonopulse reference and the first 15 acceptable samples which correlate within
K counts with the reference following the establishmeat of the monopulse
reference. 1f cthe monopulse reference is never established, or if an
insufficient number of acceptable monopulse samples are available after the
establishoment of the monopulse reference, cthis failure condition shall be
indicated in the reply report (3.4.4.8.2).

3.4,4.6 Message decoding.- The function of message decoding is to first cheek
the bit decision sequence for errors by means of a parity check, and {f errors
are detected, to then use the confidence bit sequence to attempt to locate 3
burst error pattern spanning up to 24 bit decisions that would correct the
wessage. The inputs to the message decoder ars:

(a) Bit decision sequence (D).

(b) Confidence bit sequence (Cy).

(¢) Reply length indicator bit (L).

(d) -Expected address (44, 1 =1,..,24).

The decoder outputs are:

(a) Successful decode indication bit, mw (1 bic). -
(b) The decoded message, if m = 1 (32 or 83 bits).

The decoding polynomial is given by:
2.

- J

where gy " 1l for j = 0,3,10,12.13.14,15.16,17,18,19,20,21,22,23,24
8y = 0, otherwise.

Message decoding will be treated in three stages; error detection, error
pattern location, and error correction.

3.4.4.6.1 Error detector.- The primary funczion of the error detector is to
compute a 24 bit error svndrome. This computation shall be accomplished in two
steps. First, the decoded address ¢hall be calculated from the sequence of »di:
decisions. Then :the svndrome shall be obtairnad by a comparison of the decoded
address with the expected address. lf the tw> addresses agree, then the error
svndrome shall be zero (i.e., all component bits are zero), and the decoded
.méssage will ultizazel™ be cobrained directly from the bit decision sequence.
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3.4.4.6.1.1 Initial conditions for error detector.- The error detector and
initial conditions are shown in fig. 3.4.4=4, The DB register is used to store
the bit decision sequence as {t is produced by the bit processor and need not
be initialized. The CB register is wused to store the confidence bit sequence
as it is produced by the bit processor and shall be initialized by setting the
56 stages closest to the inmput to 'l'. The A~register, used to determine the
decoded address Ay, 1 = 1,...,24, shall be {nit{ialized by resetting all 24
stages to '0'.

3.4.4.6.1.2 Confidence test.- As the confidence bits are belng loaded inro
the CB register a confidence test shall maintain a count of the number of
high-confidence bits contained in the 24 elements closest to the input side of
the register. (Note: The count shall be initifalized to 24). If the counter
falls below a threshold K while the CB register is being loaded, the
correction disable bit shall be set to 'l'. Correction of an erroneous message
shall not be allowed if the correction disable bit has been set. Provision
shall be made for manual setting of the threshold K to any integer between 10
and 20. :

3.4,4.6.,1.3 Final conditions of error detector.- The bit processor shall
produce sequentially the bit decision sequence in the order D1, Dz’f"DI and
the confidence bit sequence in the order Cys C35+4,C7, with Cy and D, made
available to the message decoder together after the ith information bit
interval has been processed. The lengths of these sequences (I) 1is determined
by the message length indicator bit L (I = 56 for L = 0, I = 112 for L = 1,)
The bit decision sequence is shifted into the DB-register and the A=register
as each bit decision is produced. The confidence bit sequence is shifted into
the CB register and checked by the: coafidence test as each bit decision is
produced. The state of the error detector immediately after the last bit
decision and confidence bit is input to the message decoder, is shown in fig.
3.4.4-5(a) and (b). At this instant, the decoded address Ajee+,Ap, 18 compared
bit by bit with the expected address Al,es+,Ay, to produce by parallel Modulo 2
addition, the 24 bit error syndrome denoted Sy,.+.+,574-

3.4.4,6.1.4 Error detection criterion.- If the correction disable bit has
been set, and the error syndrome is not all zeroes, error correction shall not
be attempted, and this failure mode shall be indicated in the reply report for
roll-call replies. If the correction disable bit is set and the error syndrome
{s all zeroes, the message shall be accepted. If the correction disable bit is
not set, error correction will be attempted. The case in which the error
syndrome 1is all zeroes shall be taken as an entirely correct bit decision
sequence, but it is treated as a correctable error pattern ian which no bit
decisions are actually corrected.

3.4.4.6.2 Error location.- The second stage of message decoding attempts to
locate a correctable error burst pattern in the bit decision sequence
generated by the message bit processor. This function requires the errvor
svandrome, and the confidence bit sequence.
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whenever cthe correction disable bit 1s not set, all of the erroneous 5it
‘decisions are coufined within a segment of the bit decision sequence spanning
no more than 24 bits, and none of the errors are associated with a high
confidence bit, the error pattern ls a correctable error pattern. In every
instance of a correctable error pattern, the error correction circuit will
generate a properly decoded message. However, when a correctable error pattern
did not exist, the circuit will generate an erroneous message.

The error pattern location function shall attempt to locate erroneous bit
decisions by performing logical operations on the syndrome and confidence bit
sequence. If a correctable error pattern 1is located, a bit signifying such an
occurrence shall be set. When set, this bit shall allow the corrections
indicated by the error pattern to be made in the bit decision sequence by the
error pattern correction f{unction. = If this bit, denoted by m and called the
correction enable bit, has not been set after a specified number of operations
have been performed, the erroneous bi: decisions cannot be located by the error
location function.

Whenever the calculated address agrees with the expected address, the syndrome
is zero and, with very high probability, every bit in the decision sequence is
correct, As a result of the syndrome being zero, the error location funmction
will immediately find a correctable error pattern consisting of twenty-four
zeroes. The correction enable bit will be set even though the error pattern has
no effect on the bit decision sequence.

The final wvalue of the correction enable bit shall be used to indicate the
presence or absence of a decoded message.

3.4.4.642.1 Initializationm of error pattern location function.- The error
location function shall be initialized immediately after the error syndrome is
generated by the error detector. The error 1location function requires three
loading steps and is shown in fig. 3.4.4=-6(a) and (b).

(a) The E-register is loaded by a transfer of the error syndrome S1seesSg94e

(b) The M~register 1is loaded by a transfer of the bit decision sequence
D - e D L ]
1002 ¥]

(c) The L-register i{s loaded by a transfer of the confideance bit sequence
Cys+++,Cy, unless the correction disable bit is set, whereupon the

loading of the L-register is inhibited.

The loading of the M and L registers shall be done in such-a way as to permit
digits to be shifted out of these registers in the reverse of the order in
which they were received from the message bit processor.
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3.4.4.6.2.2 Correctable error pattern location.=- Once initialized, the error
location fumction (E, L, and M registers) shall be shifted simultaneously, as
rapidly as practical to free the function for the next reply. (The error
location function should complete the operation while the error detector is
being loaded with data from the next reply.) The number of shifts performed
shall be determined by the reply length indicator bit L (L = 0 implies 56
shifts, L = 1 implies 112 shifts). The input to the L-register shall continue
to enter 'l' in this register while the registers are being shifted. If, after
the specified number of shifts, no correctable error pattern has been located,
the registers shall be deactivated and this failure mode indicated in the reply
report for roll=-call replies.

The 24-bit E-register generates a sequence of possible burst error patterns as
it is being shifted, each of which would result tn the observed error syndrome.
After initialization, the E-register contains s burst error pattern (which is
the error syndrome itself) corresponding to the last 24 bits of the bi:
decision sequence.

After j shifts, the E-register contains & burst error pattern, which, if
located in bits Dy_4.73 through Dy_., would result in the observed error
syndrome. That is, every 'l' in the g-register corresponds to a bit decision
which is presumed to be in error, while every '0' in the E~register corresponds
to a bit decision which is presumed to be correct. The E and L registers shall
be shifted together so that the possible burst error patterus may be compared
with the rightmost 24-bit segment of the confidence bit sequence.

If a burst error pattern is found in which =211 error locations ('l's in the
E-register) align with low confidence bit positions ('O's in the L-register), a
correctable error pattern has been located and a correction enable bit will be
set to "l”, (See fig. 3.4.4-7). The correction enable bit shall result in
. activation -of the error pattern correction functionm.’

3.4,4.6.3 Error correction.- Immediately after the correction enable bit has
been set to 'l' (before the next shift of the E, L and M registers), the error
correction function shall be enabled to combine bit-by=-bit the contents of the
E-register with the contents of the M-register as shown in fig. 3.4.4~8., The
next 24 shifts of the E and M registers then result in the error pattern being
shifted out of the E-register (and replaced by zerces), causing those bit
decisions which are combined (sum Modulo 2) with 'l's in the error pattern to
be changed. The errer location function has nv effect after the error pattern
is shifted out of the E-register, and so it is not necessary to disable this
function. After the prescribed total number of shifts have been carried out,
the state of the error correction function is as shown in fig. 3.4.4-9(a) and
(b), and successful message decoding shall be indicated in the reply report.
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FIGUKE 3.4.4-8

CORRECTI W OF DECISION SEQUENCE
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L Register
El=° r.z-o 523-0 FZZ‘-O
— D | . D Q f-——- D ° D E Register
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st )f f "0"' V #
* * * * * ’ *
M; =D; My =D, Mge=Dgy Mgp=Dsq My =Dyyy Mi12* D2
M Register
o J’f J

Note: D: indicates corrected bit decision sequence.

FIGURE 3.4.4-9(a)

FINAL STATE OF ERROR CORRECTION .
" FUNCTTON FOR L =1 IF m WAS SET
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3.4.,46.7 Antenna azimuth-range-timing unit (AARTU).- This unit shall provide
timing and control signals to the sampling control logic, preamble detector,
message bit processor, message decoder, while itself performing the functions
of reading the antenna boresight azimuth encoder and the station clock at the
instant of preamble detection. The AARTU requires the following inputs.

(a) Station clock state (comtinuously available) (3.4,13.3).
(b) Antenna boresight azimuth encoder outputs.
(¢) Roll=call reply processing information (content specified in 3.4.4.8.1):

(d) All=-Call reply processing information (content specified in
fig. 3.4.2=1(d)):

The outputs of the AARIU are:

(a) 16.000 MHz cloek timing to the quantized sum video digitizer.

(b) Control signals to the sampling control logic,

(¢) Preamble detector enable/inhibit signal.

(d) 2.000 MMz timing signal to message bit processor.

(e) Antenna azimuth register at time of preamble detection (14 bits).
(f) Reply range estimate (range unit word, 3.4.13.3.2)

A block diagram of the AARTU and its interconnections to other subunits of the
Mode S processing subsystem are shown in £ig. 3.4.4~],

3,4.4.7.1 Antenna azimuth register.- The antenna azimuth register shall accept
inputs from the azimuth pulse generator (3.5.l.1) and provide a 1lé4-bit antenna
boresight azimuth word. Provision shall be included for manually entering a
l4~-bit word to correctly indicate the direction of true north independent of
the orientation of the antenna pedestal,

3.4.4.7.1.] Inputs.- The antenna azimuth register shall accept the following
input signals:

(1) Azimuth Change Pulses (ACP's) - 16,384 serial pulses per
complete antennsa revolution.

(2) Azimuth Reference Pulse (ARP) - a pulse generated once each antenna
revolution (between two ACP's) at a constant boresight azimuth.

(3) North Correction Word - a l4~bit manually insertable word which
specifies the direction of true north.



-163- FAA-E-2716

3.6,6.7.1,2 Outpycs.- The outputs from the antemns azimuth register shall consist of
the following signals:

(1) Antenna Boresight Azimuth Word - a 14-bit parallel buffered ourput of the
register indicating the ancerma boresight azimuth relative to true north in
azimuth units. :

(2) Azimuth Reference Mark Error - a signal indicating failure to count 16,384
ACP’'s between any two consecutive ARP‘'s. This signal is to be transmicted to
the performance monitoring function (3.4.10).

3.4.6.7.1.3 Antenna azimuth determingtion.- The state of the antemna azimuch
regiscer shall be sampled at the time of preamble declaration when a Mode S preamble
is datected within the expected reply window for roll-call replies, and for arry
preamble detected during the All-Call listening period. The 1l4-bit antermna boresight
azimuth word shall be included in the Mods S reply data blocks for All-Call and roll-
call replies.

d.4.4,7.2 Range processing interval control.- There are two inputs required for
every roll-call resply. These are the predicted sarliest time of arrival of the Teply
(top - detsermined from the surveillance file range estimate) and a reply vindow (wp)
during which the preamble dstsctor shall be enabled to declare a valid Mode S reply.
The reply window shall begin at the predicted sarliest reply time and the

Mode S reply processing functions shall be activated only for preambles detected
within that window. The Mods § roll-call listening interval shall bs from ty to
(tg + wp). If & valid preamble is not declared in that interval, a failure indicatien
shall be generatsd and included in the reply report.

At the begimning of each ATCRBS/Mode S All-Call or Mods S-Only All-Call interval, two
paramsters ars received representing time-of transmission (t1) and the length of the
listening window (w,). The listening window shall be froa T} to ] + w,. All wvalid-
preambles declared within that interval shall activats the reply processing functions
for that reply.

L4473 Range and range delay determination.- Each valid preamble detsction during
the Mods S roll-call or All-Call listening periods shall result in strobing the
station ctime clock state to produce the time-of-arrival estimats ts. This estimate
shall be used to detarmine the range correction (Ar) for Mods S roll-call Teplies
Telative to the predicted earliest time-of-arrival or the range estimate (r) for All-
Call replies using the P3 or synch phase reversal transmission time, {.6. Ar =

e(t2 * Toredicted) -

2.4.6.7.6 Mode and comtrol signals.- The message bit processor shall be provided a
. message length indicator (56 or 112 bits) while the message decoder shall be provided
both the message length indicator and expected address of the reply. A unique 24-bit
address shall be provided for each roll-call reply. ’
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An all-zero address shall be wused during the ATCRBS/Mode S All-Call listening
interval. When the Mode S -only All-Call interrogation is used the address for the
All-Call listening interval shall equal the site address used in the interrcgationm.

During the ATCRBS/Mods S All-Call processing interval, detection of All-Call replies
shall taks prioricy over ATICRBS bracket detection. The monopulse chamnel A/D
converter shall be time-shared between the Mods § and ATCRBS reply processors and the
ATCRBS brackst detector shall be inhibited at each detsction of a valid Mode §
preamble within the range processing interval. The ATCRBS processor shall receive a
Mode S preamble detection pulse to inhibit the bracket detector during the Mode §
data block (3.4.5.4.4).

2.6.4.8 Information transfer to and from the Mode S processor.- Transmission control
information shall be provided to the transmitter/modulation control unit and to the
Mode S and ATCRBS reply processors in a time-ordsrsd sequence such that each Mode S
roll-call transuission and reply has a block of control informatiom transferred from
ths charmal management function. A single ctransmission control block shall be
provided for each ATCRBS/Mode S or Mode S only All-Call interrogationm.

For each Mode S scheduled roll-call target and each dstscted All-Call target, a
target report shall be transmittad to the charmel management and surveillance
processing functions. The processor control block and target report contents and
formats ate specified in the following paragraphs.

2.6.6,.8. 1 Processor control blocks.- The charmel management function shall provide a
pair of receiver control blocks for each expectsd reply (or for an expected sequerce
of consecutive downlink ElMs for a given target) to the Mods S and/or ATCRES reply
processing subsystems. (See Fig. 3.4.2-1 (d)).

This spacs intentionally unused
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Data block designator (Roll Call Short, Roll Call long, All Call)
Message bits (32 or 88)

Failure indication (3.4.4.8.2(b))
Antenna boresight azimuth (3.4.4.7.1.3)
Monopulse estimate (3.4.4.2.5)
Range correction or all call range (range unit word, 3.4.13.3.2)
Time-of-day of reply (3.4.13.2.2)

Figure 3.4.4-10 Mode S Reply Data Block Content
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3.4.4.8.2 Target reports.- The Mode S processing subsystem shall provide a target
report for each reply processed successfully during a scan. These target reports
shall contain the following information (see fig. 3.4.4-10).

(a) Message bits (32 or 88 bits)
(b) Failure indication (resulting if:)

No preamble decected in range window,

Error correction not possible,

No monopulse azimuth escimace

(¢) Antsrma boresight azimuth (3.4.4.7.1.3)
(d) Monopulse estimats (3.4.4.2.5)
(e) Target range, All-Call replies (range unit word, 3.4.13.3.2)
(£) Range correction, roll-call replies, Dy (range unit word, 3.4.13.3.2)
(g) Time of day for this reply (3.4.13.2.2)

Only All-Call replies shall have their reply data block transferred to the
surveillance processing function during a Mode S All-Call processing interval. Each
reply received shall have a complete reply data block transmitted no matter what
failure condition has been indicated. The £fields of the block for which no
information is available shall be set to zero.

3.6.6,8.3 Altitude report transformacion.- In Mods S replies containing an altituds
report the 12 altitude code pulse positions and the M bit position appearing in the

reply shall be rearranged using the transformation described in paragraph 3.4.5.3.3..
(with the M bit replacing the X bit).

This space intentionally unused.
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3.4.5 ATCRBS reply and reply~to-reply correlation proéessing;r The ATCRBS
processing -subsystem shall process the multichannel receiver video output
signals to detect ATCRBS targets, estimate target range and azimuth, and decode
altitude reports and discrete (4096) mode A and mode 2 codes. The inputs to the
ATCRBS processing subsystem from the multichannel receiver are:

(a) Quantized video signals (QLA, QIPS, QENS, QSLSA),
(b) Monopulse video (¢).

In addition, the following inputs are also required by the ATCRBS processing
subsystem:

(e) Stationm time cloek (3.4.13.3).

(d) Antenna azimuth register (3.4.4.7.1),

(e) Single sweep processing information from the processor control block
(Content specified in fig. 3.4.2-1(d)):

(f) Mode S preamble detection trigger pulse.

(g) Time-of-day clock, continuously available (3.4.13.2.2).

The output of the ATCRBS processing subsystem consists of target reports, one
per scan per ATCRBS target. Each target report shall contain the information
specified in 3.4.5.7.

3.4,5.1 Msjor subunits of the ATCRBS processor.- A functional block diagrae of
the ATCRBS processing subsystem is shown in fig. 3.4.5-1,

The major subunits of the processor are:

(a) Video digitizer.

(b) Reply processor.

(c) Antenna azimuth range timing unit (AARTU).
(d) Reply correlator.

The detailed design requirements of each of these subunits are specified 1in the
following paragraphs.

3.4.5.2 Video digitizer.- The function of the video digitizer is to provide
digital data in appropriate format for reply processing. A functiomal block
diagram of the video digitizer is shown in fig. 3.4.5-2.

3.4.5.2.1 Video pulse quantizer/digitizer.~ The video pulse quantizer/digitizer
VPQ) eircuit shall operate on the three quantized video signals derived from
Log IT|, namely, the QLA, QIPS, and QINS signals to produce a clocked binary
data stream which represents detected pulses by leading edge samples (a single
'l' representing a single pulse at the location in time of the estimated pulse

leading edge).
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The output data stream of the ATCRBS VPQ, denoted ILE, shall be clocked at 8.276
MHz and shall drive the ATCRBS bracket detector and reply decoder.

3,4.5.2.1.1 Leading edge declaration.- The VPQ circuit shall declare a pulse
"leading edge” at time t;, signified by a transition of its next output binary
digit (from its leading edge output) from the "0" state to the “1” state,
whenever all of the following conditious are satisfied simultaneously: |

() QZA (t] +d) =1
(b) QCPS (tl) - ]
() QEPS (] +d) = 0

The time d shall be one 8.276 MHz clock period.

3.4.5.2.1.2 Trailing edge declaration.- The VPQ shall declare a tralling edge
at time t,, signifies by a transition of its next output binary digit (from its

trailing edge output) from the "0" state to the "1" gtate if a previous leading
edge had been declared and no subsequent trailing edge had been declared, and:

QLA (z3) = O

The VPQ shall declare a potential trailing edge at time t; Lf & previous leading
edge had been declared and no subsequent trailing edge had been declared and the
following conditions are satisfied simultaneously:

(a) QINS (tg = d) = 0
(b) QNS (t3) = 1

The parameter d shall be one 8.276 MHz clock pcriod.

A potential trailing edge at time t; shall be declared an actual trailing edge
if: - .

(a) QA(ty + d)
(b) QINS(tp; + d)
(c) QTNS(cs + d)
(d) QENS(ty; + d)

0, or

l, and QIA(ty + 2d) = 0, or
1

1

, and Qt?S(tz + 2d) = |, or
, and QtNS(:z * 2d) = |},

3.4.5.2.1.3 Pseudo=leadin edge declaration and short pulse rejectican.- The

ATCRBS VPQ circuit sha Teject short pulses and make pseudo-ieading edge
estimates on the basis of apparent pulse vidth determined from the number of
sample intervals between a leading edge and a8 trailing edge, or between two
successive leading edges. The VPQ output shall be a binary data stream clocked
at the sample frequency of 8.276 iz and denoted by ILE. Puylses shall be
represented in the ILE data streas by a 'l' corresponding to a directly declared
leading edge or a pseudo-leading edge inserted according to the rules given
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below, When a leading edge declaration is . followed by a trailing edge
declaration, PW is used to denote this pulsewidth in terms of sample intervals.
LW is used to denote the spacing between two successively declared leading edges
in terms of sample intervals.

(a) If PW = 1 then the leading edge shall not be represented in the ILE data
stream, but all other directly declared leading edges shall be
represented in the ILE data streanm.

(b) 1f PW > 6 then a pseudo-leading edge shall be declared at the sample time
four sample intervals prior to the declared trailing edge.

(¢) If PW = 10 thern an additional pseudo-leading edge in addition to that in
(b) shall be declared at the third sample interval following the leading
edge. This pseudo-leading edge shall have a zeroc monopulse value (see
3- 605020‘0)0

(d) If PW > 10 then additional pseudo-leading edges shall be declared every
fourth sample interval following the leading edge but prior to the
pseudo-leading edge inserted in (b). These pseudo—leading edges shall
have a zero monopulse value (3.4.5.2.4).

(e) If LW > 5 then additional pseudo~leading edges shall be declared every

" fourth sample interval following the first leading edge but prior to the

second leading edge. These pseudo-leading edges shall have a zero
monopulse value.

3.4.5.2.2 Sampling control logic.- For each pulse of acceptable width
represented by a directly declared leading edge sample in the ILE data stream, a
sampling control pulse shall be generated to sample the monopulse video 61 ns
after its leading edge time of occurrence as determined by the VPQ 1logic. That
is, after allowing for VPQ processing delay, the monopulse video shall be
saupled 61 ns after the point of the Log |Z| video waveform corresponding to the
'l' in the ILE data stream which represents the leading edge estimate of the
pulse. For each pulse represented by a pseudo-leading edge in the ILE data
stream, a sampling control pulse shall be generated zo sample the monopulse
video Sy ns after the pseudo-leading edge estimate as determined by the VPQ
logic.

The parameters 51 and &1 shall be independently adjustable over a range of 100
to 400 ns in steps no greater than 20 ns with nominal value of:

51_-240:10:1:
§7 = 300 ¥ 10 ns

It is intended that the sampling control logic provide samples of the monopulse
video waveform that fall within the 0.2 us sampling window described in
3.6,3.2.3,
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3.6,5.2.3 Quantized SLS video digitizer.- The two level video waveform QSLSA
provided by the log video comparator 3.4.3.4.5.3) shall be sampled once per
pulse leading edge (and pseudo-leading edge) indicated in the ZLE data stream
with the time of each sample governed by the sampling control loglc (3.4.5.2.2).
The resulting sample values shall be binary, with a 'O’ denoting the QSLSA
signal in the '0' state (a sidelobe pulse), and a 'l' denoting the complementary

event.

The output of the quantized SLS video digitizer will be denoted by SLSF
(sidelobe suppression flag).

3.4.5.2.4 Monopulse digitizer.- The monopulse video signal shall be sampled
once per pulse leading edge indicated in the LILE data stream with the time of
each sample governed by the sampling comntrol logic (3.4.5.2.2) except for
spacings between two leading edges of two sample intervals. In the case of two
edges separated by two sample intervals, a monopulse sample for the second pulse
is taken but the sample is not taken for the first pulse and its &=bit monopulse
sample value is set to zero.to signify this. :

In addition, the monopulse video signal is iampleg once for each pseudo-leading
edge defined by rule 3.4.5.2.1.3(b). Other pseudo-leading edges shall have
their monopulse sample values set to zero. : :

The output of the monopulse digitizer will be denoted as SQé.

3.4.5.3 ATCRBS reply processor.- The function of the reply processor is to
declare bracket pulse pairs, eliminate phantom brackets due to garbling replies,
derive a monopulse estimate for each reply declared using clear pulses, estimate
clear code pulses, and generate a8 confidence indication which defines which
information pulses are clear and can be used in the correlation operations which
follow. The SPI and X pulses shall also be detected and reported if present.

The inputs to the reply processor shall be digital signals from the video
digitizer unit, namely,

(a) ILE, continuous clocked data stream.

(b) SLSF, one bit sample per pulse represented in the
ZLE data stream (by a 'l' denoting its leading edge
or pseudo-leading edge).

(c) Monopulse samples SQ¢, omne 8-bit sample per pulse
represented in the ILE data stream (by a 'l' denoting
its leading edge or pseudo-leading edge).

No differentiation shall be made between pseudo-leading and leading edges in the
reply processor.
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The basic functions of the reply processor are broken down inro the following
set:

(a) Bracket detection.

(b) Garble/interleave sensing and phantom elimination.
(c) Monopulse average initialization.

(d) Monopulse correlation.

(e) Pulse processing.

(£) Monopulse averaging.

A functional block diagram of the reply processor is shown in fig. 3.4.5.3,

The output of the reply processor consists of reply reports, one Teport per
detected mainbeam reply, containing at least the following information:

(a) Range estimate (range wunit word, 3.4.13.3.2)

(b) Monopulse average (3.4.5.3.2.6)

(¢) lower 8 bits of antemna boresight azimuth at bracketr detaction
(3.4.4.7.1)

(d) ATCRBS Code pulse estimates, including X, SPI

(e) ATCRBS Code confidence level indication, including X, SPI

(£) ATCRBS Mode indicator

Note: Pulse spacing tolerances shall be selectable under parameter control as +
1l or + 2 sample periods (1.45/12 microseconds). Processing values are shown for
the + 1 sample period case with values for the + 2 sample period case

s

immediately thereafter in square brackets, e. g., n * 12 + 2 [+ 4] samples.

& .= An ATCRBS reply shall be recognized
on the basis of the two framing pulses, Fy and Fy, which are included in every
reply. Declaration of a bracket pair shall be accomplished using the following
criterion:

but sidelobe replies shall not be Teported. A sidelobe re;ly is defined as one
having both bracket pulses labeled as non-mainbeanm (SLSF not equal to 1).

The time of arrival of the bracket pair is taken as the time of occurrence of
the Fj pulse leading edge sample in the SLE data stream. The spacing of the Cr
code pulse and the SPI pulse of a reply is exactly the same as that of a bracket
pair, and may thus result in false bracket when both of these pulses are present
in a reply. Such a false bracket will be referred to as an SPI phantom according
to the rules in 3.4.5.3.2.5 and shall not be declared as a bracket pair.
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4 .- Two replies are referred to as interfering
whenever the leading edge samples of their F}-Epu.lus are separated by no more
than 170 [172]) sample incervals in cthe 2 data stream. Two replies . are
referred to as closely spaced if the leading edge samples of cheir Fy pulses ars
separated by not less than 171 ({173] sample intervals but no more than 338 [340)
sample intervals in ths Z1E data strean. Two interfering replies are referred
to as garbling if the F; pulse leading edge sample of the lacter reply occurs in
one of the fourtsen intervals n * 12 + 2 [+4] samples (n = 1, 2,...,14) lacer
than the F{ pulse leading edge sample of the earlier reply. (Valid code pulse
positions of each of two garbling replies ovarlap, resulting in ambiguicy in
associating pulses with eithar of the two replies.) Two replies are said to be
interleaved if their F; pulse leading edge samples are separaced by frem 3 (5]
to 165 (163] samples of the ILE data stream, and if they are not garbling.

A phantom bracket is defined as a daclared bracket whese Fj pulse is a valid
cods pulse or framing pulse of one reply and whose F; pulse is a valid code or
framing pulse of arother reply. Figure 3.4.5-4 shows an example of two replies
which are separated in time so that the A; pulse of the earlier reply and the B,
pulse of the second reply are separated by the standard bracket pulse pair
spacing. The ATCRBS processor shall include logic circuictry to eliminate phantom
brackats resulting from two interfsring or closely spaced replies.

Both brackst pairs of two intarfering replies shall be daclared only when the Fy
pulse leading edge sample occurs 3 [5] or more samples later than that of the
sarlier reply in the ZI1E data stream. A reply shall be daclared 2 garbled reply
at the time of bracket detection if its F{ pulse leading edge sample falls in
one of the intervals n * 12 + 2 [+ 4] (n= 1, 2,..., 14) after ths Fy pulse
leading edge sample of a previously declared brackst pair.

A brackst pair shall be declared a potential phantom brackst if, and only if,
the leading edge sample of its Fy pulse occurs in one of the fourteen intervals
n*l1l2 +1 (2] (n=1, 2, .., 14) after the F; pulse leading edge sample of a
previously declared brackst pair. A brackst pair shall be daclared a phantom and
eliminated if, and only if,

(a) It was declared a potential phantom at the time of bracket decection
and,

(b) A bracknc.pd.: is declared whose Fi pulse leading edge sample occurs in
one of the intervals n * 12 + 2 [+ 4] (n = 1,2 ...,14) following the F;
leading edgs of the potential phantom brackst.
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3.4.5.3.2 Reply decoding.- The decoding of a reply shall commence after its
bracket pair has been detected. Valid code pulse leading edge locations for
reply decoding are defined as occurring in the intervals n * 12 + 1 [2 2)
samples (n = 1, 2,..., 13) after the leading edge sample of the F| pulse. Valid
SP1 pulse leading edge locations are taken to be in the interval 204 + | [= 2)
samples after the leading edge sample of the Fl pulse.

A valid code pulse position of one reply shall be comsidered to be potentially
garbled if it is overlapped by a valid code pulse position of any other reply
being decoded. Clear pulse positions shall be processed according te the rules
given in 3.4.5.3.3.1, while potentially garbled pulse positions shall be
processed according to the rules given in 3.4.5.3.3.2.

Following bracket detection, reply decoding shall begin by initializing the
monopulse average for the reply as described in 3.4.5.3.2.3. Code pulses shall
be associated with a reply on the basis of their leading edge locations for the
reply being decoded, and also on the basis of the arithmetic difference between
their monopulse sample values and the current value of the monmopulse average
for the reply being decoded (the 8-bit monopulse sample and asverage values
being considered to be integer valued, ranging from 0 to 255).

When the magnitude of the arithmetic difference between the monopulse sample of
& pulse and the monopulse average of a reply being decoded is 1less than a
specified value k, the monopulse sample 1is said to correlate with the reply
being decoded. The correlation window parameter k shall be manually adjustable
and of value 20(0-63,1). Monopulse sanples with the value zero shall be
considered to not correlate with any monopulse value and monopulse values of
zero shall be considered to not correlate with any monopulse sample value.

3.4.5.3.2.1 Multiple reply processing capability.- The reply decoder shall be
capable of decoding up to four different replies simultaneously (i{.e, where the
Fl pulse of the fourth (last) reply precedes the SPI pulse position of the
first (earliest reply). An example of s decodable arrangement of four
interfering replies is a garbling pair of replies (complete pulse overlaps)
interleaved by another garbling pair of replies with complete pulse overlaps.

3,4.5.3.2.2 Buffer memory.- Reply decoding commences with the declaration of a
bracket pair, which requires processing the last pulse in the reply (F;) before
the reply is declared. This necessitates storing pulse information temporarily
in a buffer memory uatil the Fo pulse of a reply is detected and a bracket pair
is declared. The pulse informstion shall than be made accessible to the reply
processor at an appropriate time folloving bracket declaration. The buffer
wemory shall store, for sach detected pulse, sufficient information to provide
the reply decoder with the following:

(a) ILE time of occurrence (in terms of sample numbers).
(b) SLSF sample (1 bit per pu.se).
{c) SQ¢ monopulse sample (8 bits per pulse).
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3.4.5.3.2.3 Monopulse average initialization.- In the case of a reply which is
not known tc be garbled at the time of bracket declaration, the monopulse
average for the reply shall be initialized with the monopulse sample value
corresponding to the F; pulse if:

SLSF = 1 for the F; pulse.

1f the reply is known to be garbled at the time of bracket declaratiom, or if
the condition above is not satisfied, the monopulse average for the reply shall
be initialized with the monopulse sample value corresponding to the Fy pulse
if:

SLSF = 1 for the F; pulse.

If the imitialization conditions for neither the F; pulse nor the F; pulse are
satisfied at the time of bracket declaration, the reply shall be discarded. If
after initializing the monopulse average with data corresponding to the F,
pulse, the F; pulse is found to be in a garbling position, the reply. shall be
discarded.

3.4,5.3.2.4 Monopulse average updating.= The monopulse average for a particular
rveply, which 1is in the process of being decoded, shall -be updated by the
monopulse sample of a clear pulse by arithmetically adding the monopulse sample
of the clear pulse to the monopulse average and dividing the sum by two. This
updated monopulse average shall replace the original monopulse average for
subsequent monopulse correlation tests until updated again.

The rules for determining which monopulse samples shall be used to update a
monopulse average are givea in 3,4.5.3.3.1 and 3.4.5.3.3.2. All pulses present
in a reply, except the framing pulse that was used to initialize the monopulse
average, shall be tested according to these rules to determine whether or oot
to update the monopulse average.

The SPI pulse shall not be used to update the monopulse average of a reply.
3.4.5.3.2.5 SPI phantoms.- A bracket declaration for which the F; pulse is in

a valld SPI pulse leading edge location of another reply and the monopulse
sample correlates with the other reply shall be called an SPI phantom.

3.4.5.3.2.6 Monopulse estimate.- The final monopulse estimate for a decoded
reply shall be the value of the monopulse average when the decoding of Fy is
completed. Unless at least two monopulse samples have been used in forming the
average, no monopulse estimate shall be output and this failure mode shall be
indicated to the reply correlation function by setting the 8-bit monopulse
estimate to all zeros.
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3.4.5.3.2.7 Special military replies.~ Certain military transponders indicate
EMERGENCY and IDENT conditions with a special reply format. These special
military reply formats are defined in the following paragraphs. Related
processing may be performed in either the reply processor hardware or 1in the
reply/reply correlation software.

3.4.5.3.2.7.1 Military IDENT.= In lieu of the single SPI pulse following the
second framing pulse (Fp) by 4.35 + 0.1 us, the complete code train is
repeated, with the first framing pulse (F1) of the second code train occupying
the SPI pulse position of the first code train. These latter replies shall be
recognized as military replies and discarded.

344.5.3.2.7.2 Military EMERGENCY.~- In lieu of the single code 7700 reply, four
reply pulse trains are transmitted, with the first framing pulse (F1) of each
reply train occupying the SPI pulse position of the preceding pulse train. The
code pulses of the first pulse train will be set to correspond to the code
7700, and the succeeding reply trains all discarded.

3.4.5.3.2.8 Repl rocessor overload indication.= The reply processor shall
indicate loss of data during a sweep due to rTeplies that are lost because of
total decoding register occupancy or reply processor/correlator interface
overflow. This loss of data shall be indicated by setting the overload
indicator bit to 'l' in the initial message sent to the reply-to-reply
correlator for the next sweep (3.4.5.5),

3.4.5.3.3 Pulse processing.- After the arrival of a reply is detected (on the
basis of its bracket pulses), valid code pulse leading edge positions for the
reply ‘are determined, and the monopulse average for the reply 1is initialized
(wvhether the reply was garbled or not). The pulse data emerging from the buffer
memory (3.4.5.3.2.2) shall next be processed according to the rules given in
the following paragraphs. The .rules for decoding the thirteen code pulse
positions between the bracket pulses are given in the following two sections, .
as well as the rule for updating the monopulse average for the reply. Rules are
also given for the generation of confidence bits (one per code pulse position)
for these thirteen code pulse positioms to indicate high or 1low confidence
decoding decisions. The SPI pulse position 1is decoded using the same rules as
for code pulse positions.

Pulse processing shall result in fourteen code pulse estimates (including 12
information pulses, the X pulse, and the SPI pulse), fourteen confidence bits,
and a monopulse average for the reply.

3.4.5.3.3.1 Clear pulse processing.- The valid code pulse positions of a reply
being decoded are defined by the leading edge sample intervals n * 12 + 1 [2 2]
(n =1, 2, «oay, 13) after the Fy pulse leading edge sample of the reply. A
valid pulse position 1is said to be clear if nope of its three [five] valid
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leading edge sample positions is also 2 valid leading edge sample position of a
code pulse or bracket pulse of some other reply being decoded. The valid range
of SPI pulse leading edge sample positions is taken to be 204 + 1 [% 2] samples
after the leading edge sample of F;.

In the case of clear code pulse positions, a 'l' shall be decoded if a leading
edge of a mainbeam pulse (SLSF = 1) occurs in one of the three [five] valid
leading edge positions, and a declared 'l' shall be declared a high confidence
decision (i.e., with the confidence bit corresponding to the bit position set to
'1') {f the monopulse sample of the pulse correlates (3.4.5.3.2) with the
current value of the monopulse average for the reply. A '0O' shall be decoded
with high confidence only if no leading edge is detected in the three [five]
valid leading edge sample positions for the code pulse as well as in the sample
position just prior (in time) to the three (five] valid leading edge sample
positions.

A monopulse sample of a clear code pulse decoded as a 'l' or a framing pulse
shall be used to update the monopulse average of the reply if it correlates with
the curreat value of the monopulse average.

The pulse processing rules for clear pulses are given moTe precisely and
 completely in terms of a Boolean logical function which is tabulated in Table

3.4.5-1. The definitions of the Boolean variables to be used in the logical
function are as follows:

(a) Py = 1 Denotes the occurrence of a leading edge in the range { * 12 +1
[£2] samples after the F; leading edge sample of the reply labeled
P, being decoded.

(b) Piz- 1 Denotes the occurrence of two [two or tliree] leading edges in the
valid Py leading edge sample positions.

(¢) J; = 1 Denotes a pulse leading edge { * 12 = 2 [-3] samples after the F)
leading edge sample of the P - reply.

(d) Cpy = 1 Denotes that the monopulse sample of the pulse in the Py
position correlates with the P - reply monopulse average, and the
pulse is a mainbeam pulse (SLSF = l).

The above variables take on the value '0' if the conditions above are not
satisfied.

3.4.5.3.3.2 Overlapped pulse processing.= A valid code pulse position of a
reply being decoded is said to be overlapped if onme or more of its three valid
leading edge sample positions is also a valid leading edge position of a code
pulse or bracket pulse of some other reply being decoded. The rules for
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TABLE 3.4.5-]1 CLEAR PULSE PROCESSING DECISION RULES.

Use P; monopulse sample Py pulse decode Py ﬁulne confidence bit
to update average decision = '] = '1'" (High Confid.)
Event (if term is 'l') (1f term i3 '1l') (4if term is 'l')
P .7y 0 0 1
Py .0y 0 0 0
B, Cpy 1+ (SLSF) Cpy
(see Note S)
2 )
Py Cpyg 1 . Cpy (see Note 3)
Notes:

(1) The bar notation (*) denotes the logical complement.
(2) The dot notation (A . B) denotes a logical AND function.

(3) For the P2 event, both [all] of the pulses shall be used in the
correlation test Cpy, and 1if either ome [any one] passes the test, it
shall be associated with
the P-reply (and used to update the monopulse average).

(4) The SPI pulse decoding shall alsc use the above rules for both the
pulae decode decision and confidence bit.

(5) The variable SLSF is defined in 3.4.5.2.3.



FAA-E=2716 -182-

decoding pulse positions which  are overlapped are given in Table 3.4.5-2.
This table also applies to the use of the monopulse sample of a framing pulse
which is also in the valid decode region of a pulse or bracket pulse of some
other reply being decoded. In addition to the Boolean variables defined in
3.4.5.3.3.1, the following definitions are used in Table 3.4.5=2.

(a) Gy = 1 Denotes the occurrence of a leading edge in one of the wvalid Py
leading edge sample positions which is also in a valid code pulse or
bracket pulse leading edge sample position of some other reply or
replies (denoted Q) being decoded.

(b) By = 1 Denotes the occurrence of a leading edge in ome of the valid Py
leading edge sample positions but which is not in.a valid code pulse
leading edge sample position of some other reply being decoded.

(c) = 1 Denotes that the monopulse sample corresponding to the pulse in
one of the Gy positions correlates with the monopulse average of some
other reply being decoded.

(d) 642 = 1 Denotes the occurrence of two (two or three] leading edges in
the Gy sample position.

(e) Hiz = ] Denotes the occurrence of two [two or three] leading edges in
the Uy sample position.

3.4.5.3.3.3 Code pulse transformation.- The rearrangement of the order of the
code bits from the order in which they are decoded will be referred to as a
transformation. The following transformation shall be used by the reply
processor to rearrange code bits for Mode A, C, and 2 replies.

Decoding Order: Cl Ay Cz Ay C,u Ay X 31 0 B, Dy By D (SPI)
Output Order: A, Ay Ay By By By €, Cy C) D, Dy Dy X (SPI)

The reply processor shall rearrange the order of the confidence bits using this
same transformation for Mode A and Mode C confidence bit sequences.

3.4,5.4 Antenna azimuth-range-timing unit (AARTU).- This - unit performs a
function analogous to that og the -Kﬁzru of the Hode S processor, described in
3.4.4.7, and, to the exteat practicable, the functions of both AARTU's may be
combined in a single unit.

The inputs to the AARTU are:

(a) Station clock (3.4.13.3).
(b) Antenmna boresight azimuth encoder (continuously available, 14 bits)
(c) ATCRBS reply processing information {(content specified in
fig. 3.4.2.1(d)).
(d) Mode S preamble detection trigger pulse.
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TABLE 3.4.5-2 OVERLAPPED PULSE PROCESSING DECISION RULES,

Use P, monopulse sample P, pulse decode Py pulse confidence
to update average ecision =1' it =1' (High Confid.)
Event (L1f term = '1') (1f term = '1') (1f term = '1')
Ei'gi'FI 0 0 1
Ei'ii'Ji 0 0 0
ci.ai CPI.CQ (Cpi*CPt’CQ).SLSF CPI°CQ
Gy *Hy Cpy*Cq for Gy (see Note 1) 1 Cpy°Cq for Gy (see Note
[ Cpy for Hy : ~ {Cpy for Hy
c,? CPi'Eb (see Note 1) 1 : Cpi‘Eb (see Note 1)
Gi'Hiz Cpi'Eb for Gy (see Note 1) 1 cPi'Eb for Gy (see Note
CPi for ni cPi for Hi .
_ Giz°81 Cpi°Eb for Gy (see Note 1) 1 ) cPi'Eb for Gy (see Note
Cri for 81 cPi for Hi
B2 Cpy (see Note 1) 1 Cpy (see Note 1)

Notes:

(1) For the events Giz or Gy*Hy or Hiz [Gi.ﬁiz or 512°81], the correlation test Cp.
is formed on any Bi pulses, and the correlation test Cpi'CQ is formed on any Gy
pulses, and {f either {sny] pulse passes the correlation test, that pulse shal!
be associsted with the P-reply with high confidence and used to update {ts
mouopulse average.

(2) The SPI pulse decoding shall also use the above rules for both the
Pulse decode decision and the confidence bit.
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The outputs of the AARTU are:

(a) Llower 8 bits of antemma boresight azimuth at bracket detection
(3.4.5.4.1).

(b) Reply range estimate (range unit word, 3.4.13.3.2).

(¢) Control signal to enable the sample control logic for ATCRBS processing.

(d) Control signal to enable/inhibit bracket declaration.

(e) Mode type transmitted (3.4.2.1.1).

4.5 .4 i i iop.- The state of the antemna azimuth
register shall be sampled when a valid bracket pair is declared. The lower 8-
bits of the antemma azimuth word shall be part of the reply report passed to the
reply correlator.

3.4.0.6.2 Range determination.- The ATCRBS, ATCRBS/Mode S or ATCRBS only All-
Call listening interval shall be defined by the transmission time and the length
of the listening window. The Reply processor shall provide the 23 bits of
station time at the occurrence of a Py pulse and the lower 16 bits of station
time at bracket detection. The reply correlator will use these to perform a
range calculation. The station time at the time of a P3 pulse will be provided
as part of a sweep message. The lower 16 bits of station time at bracket
detection shall be part of the reply report passed to the reply correlator.

3.4.0.4.3 Mode ipdication.- The interrogation mode corresponding to the range
interval being processed shall be part of each reply report generated during the

range interval.

34,0564 Control signals.- When ATCRBS and Mode S All-Call listening windows
overlap the monopulse channel A/D comverter shall be time-shared between ATCRBS

and Mode S reply processing, with Mode S All-Call replies taking precedence.
During this interval, the monopulse A/D converter and SLS video digitizer
sampling times shall be controlled by the sampling control logic (3.4.5.2.2),
except when a Mode S preamble is detected, whereupon the sampling control of the
monopulse A/D converter and the SLS video digitizer shall be controlled by the
Mode S reply processor until the entire Mode S data block has been sampled,
before returning control back to the ATCRBS processor sampling control logic.

The ATCRBS bracket detector shall be enabled only during the defined ATCRBS,
ATCRBS/Mode S or ATCRBS-only All-Call listening period, except that it shall
inhibit bracket detection for 26 us beyond the end of a Mode S reply data block.

4 .- The data extracted from
mainbeam ATCRBS replies shall be transmitted to the reply correlator for further
processing in the form of messages corresponding to individual replies.

At the start of each ATCRBS sweep, a message termed the initial message shall be
transmitted from the reply processor to the reply correlator containing:

(a) Mode type transmitted (3.4.2.1.1)
(b) Time-of-day (3.4.13.2.2)
(¢c) Overload indication
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For each mainbeam ATCRBS reply detected during the listening period, a Desgage
shall be transmitted from the reply processor to the reply correlator containing
at least the following information:

(a) Mode indicator (3.4.2.1.1)

(b) Reply range, ¢ (Range unit word, 3.4.13.3.2)

(¢) Reply monopulse average, ¢ (3.4.5.3.2.6)

(d) Antenna boresight azimuth at bracket detection, & (3.4.5.4.1)

(e) Reply code estimate (including X, SPI) denoted by E* = (Ey, Ep,...,Ej,)
where E* i3 obtained by rearranging pulses as in 3.4.5.3.3.3

(£) Code pulse confidence level sequence dencted by F* = (Fis F2, eus, F14 )
where F¥ is obtained by rearranging pulses as in 3.4.5.3.3.3.

The lé4-bit code pulse estimate shall consist of either a 12-bit discrete code or
a 12-bit altitude readout depending on the mode transmitted, and the X and SPI
pulse estimates, with the overall ordering of these bits as specified in
3.4.5.3.3.3. The l4=bit confidence level sequence shall be rearranged according
to this same transformation, and shall also include confidence level indication
for the X and SPI pulse estimates. :

3.4.5.6 Reply correlation.~ A decoded ATCRBS reply accepted from the reply
processor shall be compared in range, azimuth, and high confidence (mode A or
mode 2) code or altitude bits with previously received replies, so that all mode
2, A and C replies from a single target are grouped into a single target Teport.

3.4.5.6.1 Target azimuth estimation.~ The reply correlation operation  shall be
preceded by the calculation of the reply azimuth estimate Y for each decoded
reply (where ¢ is not zero) in terms of the antenna boresight azimuth 6 and a
monopulse average for the reply. -

The off-boresight angle for the reply shall be determined by using the
off-boresight look-up table (3.4.11.2). The off-boresight angle for a particular
value of off-boresight signal shall be stored as an entry in the look=-up table.

The index value IN shall be computed as follows:
IN =9 + An

where ¢ is the monopulse average and Am 1is the table offset value supplied by
performance monitoring (3.4.10). The resulting value of IN is checked against
parameters MBL and MBH (3.4.1.6.5.3.2) to determine 1f the reply was received
within the antenna main lobe or beyond the beam edge. If IN lies within the
range MBL to MBH, the reply shall be accepted as a mainbeam reply. If IN lies
outside this range, the reply shall be discarded. If the reply is accepted, the
off-boresight angle f(¢ + Am) shall be retrieved from the off=boresight look=up
table. The target azimuth estimate for a reply is defined as:
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¥ =8 + £(¢ + Am)

and the Boresight Flag (BF) shall be set equal to zero. If $= 0, thea ¥ = 6
and BF shall be set equal to oue.

3.4.5.6.2 Wide pulse resolution.- If an aircraft traasponder falils to meet the
pulse width specification, its reply may incorrectly be called two overlapping
replies by the reply processing subsystem. To correct this error, all replies i
of the following type shall be marked by having a Wide Pulse Flag (WF) set to
one:

(a) Py = pi-l < Qw and,
(v) log - ¥yogl € ¥, and,
(¢) code of i is & subset of the code of i-l, that is, IEq ° E&-ll = 0.

where:
subscript 1 denotes the i-th reply

subscript i-l denotes the reply preceeding the i-th reply
subscript w denotes "associated with wide pulse”
: -] denotes range estimate
¥ denotes azimuth estimate
Py ® 12(6=-66,3) Ru
Yy = B(4-64,4) A

Any reply failing any part of this test shall have its WF set to zero. Reports
formed by wide pulse replies will be discarded at declaration Ctime (3.4.5.6.7).

3.4.5.6.3 Operations with bi“‘EZ seguences; notation.- Specification of logical
operations toc be performad on the -bit reply code estimate, obtained from E*
.and denoted E = (Ej, Ez, see Elz) and the 12-bit coufidence bit sequence,

obtained from F' and denoted F = (Fy, Fy, -.-,Fyjy), will wuse the following
conventional mathematical definitions. The X and SPI bits will not be used in
any of these operations.

(a) The sum modulo-2 of two binary sequences

A= (A]_n A2n°°'v An)
B = (Bl, Bz.to.. Bn)

is denoted as:
A@B = (4, DBy,..., A, DB

where AGE)B denotes the logical 'exclusive OR' operatiom with
components Ay and Bi‘
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(b) The dot product A . B is defined as

A.B= (Al Bliees, Ay - By)

where Ay °* By denotes the logical AND operation with components Ai
and Bi'

(c) The logical sum A + B of two binary sequences is defined as
A+ B= (Al + Bl..la’An + Bn)

where Ay + B, denotes the logical OR operation with components A
and By. .

(d) The magnitude of a binary sequence, |A| is defined as the number
of '1's in the segquence.

(e) The complement of a binary sequence, A, is defined as
x - (K]_n saey -A-n)
where Zi denotes the complement of Ay

Note: Logical AND () operations shall be performed prior to
logical OR (+) operations.

3.4.5.6.,4 Initial target report.- Each decoded ATCRBS reply passed to

correlator that fails to correlate with an existing target report shall result
in the formation of an initial target report. The contents of the initial
report, indexed by k, resulting from the decoded reply, indexed by i, are as

follows:

(a) Range estimate p(k) = p(1) Note: the caret (") denotes
" a report value.
(b) Azimuth estimate ¥(k) = ¥(1)

(¢) BF(k) = BF(1)

(d) Mode A code estimate, denoted AK = (Ay,0005 A12) and
Mode A code confidence bits, denoted kﬁ - (Bl,..., Blz):

Case 1: 1If reply i was a Mode A reply,
Ak = El and Bk & FI,

Case 2: If reply { was a Mode C reply,
|aKja 12 and |BK| = 0
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Case 3: If reply i was a Mode 2 reply,
|ak| = 12 and |BK| = O.

(e) Altitude code estimate, denoted Ck = (51.---C12) and altitude code
confidence bits, denoted DK = (Dj,...,D13):

Case 1: If reply 1 was a Mode A reply,
Ick] = 12 and IDK| = 0.

Case 2: If reply i was a Mode C reply,
Ck = EL and Dk = Fi,

Case 3: If reply i was a Mode 2 reply,
ICK| « 12 and |DK| = O.

(f) Mode 2 estimate, denoted GK @ (Gj,...,G13) and Mode 2 code
confidenge bits, denoted HK = (Hl,...ﬂlz):

Case 1: If reply i was a Mode A reply,

|GK| = 12 and |HK| = 0.

Case 2: If reply i was a Mode C reply,

|GK| = 12 and |HK|

0.
Case 3: 1If reply i was a Mode 2 reply,
Gk = El gnd HK = Fi,

(g) MNumber of Mode A, 2, and C replies correlated, denoted by N, N,
and No, respectively:

Case 1: If reply i was a Mode A reply,
Ny =1, Kc= 0, Ny = 0.

Case 2: If reply i was a Mode C reply,
NA = 0’ NC = l, Nz bd 0.

Case 3: If reply i was a Mode 2 reply,

Ny = 0, No = 0, Np = 1.
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(h)

1

(3

SPI estimate, denoted SPI(k), and SPI confidence estimate, denoted
SPIC(k):

Case 1: 1If reply { was a Mode A reply,
SPI(k) = Ej4» SPIC(k) = Fy .
Case 2: If replyvi was a Mode C or Mode 2 reply,
SPI(k) = 0, SPIC(k) = 0.
X estimate, denoted X(k), and X confidence estimate, denoted XC(k):
Case 1: 1If reply { was a Mode A reply,
X(k) = Ej3, XC(k) = Fya.
Case 2: If reply { was a Mode C or Mode 2 reply,
- X(k) = 0, XC(k) = 0.

WF(k) = WF({)

3.4.5.6.5 Reply correlation conditions.- No reply shall be included - {n more

than one target report. ILf a choice of target reports exists for a reply, the
first target report considered shall be used.

A reply, indexed by m, shall be used to update a target report, indexed by k,
if all of the following conditions are satisfied:.

(a)

(b)
(e)

(d)

Target report k does not include any replies from the sweep containing
reply m.

lo(k) = p(m)| < so.
|¥(k) - ¥(m)| < AY. This condition shall only be required if
ﬁ;(k) and BF(m) both equal zaro.
Code correlation: |
Case 1: If reply m is s Mode A reply,
[(aAk@Em) , o | 8| « o,

Case 2: If reply m is a Mode C reply,
[(ck@ER) . ro | D¥| < |,
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Case 3: If réply m is a Mode 2 reply,
I(ck + EB) . FR ., HK| = 0
Provision shall be made to vary the parameters Ap and AY as follows:
Ap = 8 Ru (1 =64, 1)
AY = 16 Au (4 =64, 4)
3.4.5.6.6 Target report updating.= If reply m correlates with target report k,
Then the contents of report k shall be updated with the data from reply m

according to the following rules. (The notation x <+ y is used to denote that
"the quantity x is replaced by the quantity y".)

(a) Ran;e estimate
BF(k) = 0, BF(m) = 0

Case 1: 1If p(k) includes replies on both sides of

antenna boresight, leave p(k) unchanged,

Case 2: If p(k) includes replies on one side of antenna
boresight, and reply m is on the same side of boresight,
p(k) is set equal to the range estimate from the reply
closest to boresight,

Case 3: If p(k) includes replies only om one side of antenna
boresight and reply m is on the other side of boresight

- p(k) + p(m)
p(k) + —————mr

BF(kz = O, BF(m) = 1

p(k) is unchanged

BF(k) = 1, BF(m) = 0

p(k) * p(m)

BF(k) = 1, BF(m) = ]

- (Ny + N+ Ny) p(k) + p(m)
plk) «

Ny + No + Np + 1
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(») Aziguth estimate: BF(k) = 0, BF(m) = 0

BF(k) = 0, BF(m) = O

Case 1: 1If ¥(k) includes replies om both sides of anteana

boresight, leave ¥(k) unchanged.

Case 2: If ¥(k) includes replies only on one side of antenna

boresight, and reply m is on the same side of boresight, Y(k) is
set equal to the azimuth estimate from the reply closest to boresight.

Case 3: 1If Y(k) includes replies only on one side of antenna
boresight and reply m is ou the other side of boresight,

¥(k) « ¥ (k) + ¥(m)
2

For all cases, BF(k) is unchanged.

BF(K) = 0, BF(m) = 1

¥(k) is unchanged
BF(k) is unchanged

BF(k) = 1, BF(m) = 0

(k) « ¥(m)

BF(k) « 0

-

BF(k) = 1, BF(m) = 1

- (Np + N + Ky) ¥(k) + ¥(m)
(k) +

NA+NC+N2+1

BF(k) is unchanged
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(¢) 1f reply m is a Mode A reply:
ak « (ak , E®) + (AK . BK) + (22 . )
Bk « gk + @
Ny = Ny + 1
ck, pk, N_ unchanged
Gk, Hk, Ny unchanged
(4) If reply m is a Mode C reply
Ak, Bk, N, unchanged

ck « (ck . E®) + (K ¢ D¥) 4 (EB . FD)

pk « pk . TR+ Dk, R+ ck . Dk, 2,

Ne * No+ 1
Gk, Hk, No unchanged
(e) If reply m is a Mode 2 reply:
Ak, Bk, Na unchanged
Ck, Dk, N. unchanged
Gk « (6% . EB) + (K . HK) + (E® . F®)
gk « gk + @
Ny ¢+ Np+ 1

(£) SP! estimate: If reply m is & Mode A reply:

FO® + CK, pk, T, FO

SPI(k) * (SPI(K) . Ey4) + (Ejq - Fy4) + (SPI(K) . SPIC(K))

SPIC(k) + SPIC(K) . Fyg4 + SPIC(K) . Fy4 + SPI(k) . SPIC(K) . Eyq . Fyy

+ SPI(k) . SPIC(k) . Ej4 - Fyq
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(g) X pulse estimate: If reply m is a Mode A reply:
X(k) + (X(k) « Ey3) + (E;3 « Fy3) + (X(k) . XC(k))
XC(k) + XC(k) . Fy3 + XC(k) + Fy3 + X(k) . XC(k) . Ey3 « Fyg +
X(k). XC(k) . Ej3 . Fyq

-

(h) Wide Pulse Flag Update: WF(k) « WF(k) * WF(4)

3.4.5.6.7 Target report declaration.-~ A target report shall be composed of
replies from no more than R successive sweeps. That is, when the first reply of
a target report was received R-l sweeps prior to the current sweep, the target
report shall be considered a candidate for final declaration. The parameter R
shall be a function of the PRF, the antenns beamwidth, and the anteana
rotation rate. The parameter R shall not exceed the number of interrogations in
twice the 3 dB beamwidth of the I pattern of the sensor.

The following conditional actions shall occur at target report declaration:
(1) A target report, indexed by m, shall be.discarded if WF(m) = 1.

(2) A target report that is a candidate for final declaration shall be
‘declared a final target report and transmitted by reply correlation
to the surveillance processing function if its range exceeds the ATCRBS
processing delay, D7 defined 1in section 3.4.6.3.4, and it meets either
of the following conditionms:

(a) It contains 2 or more replies.

(b) There exists another target report n (already declared
or still current) such that ’

lo(m) = p(n)| < ap

[f(m) = ¥(a)| < av,

(3) Candidate target reports failing both of these conditions shall be
discarded. However, provision shall be made to change this feature by
specification of a softwvare parameter, the setting of which results in
all single hit target reports being declared without checking condition
(b) above.
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(4) All candidate target reports meeting condition (b), whether or not
satisfying condition (a), shall cause the single bit ia the code swap
field of the ATCRBS Target Report Data Block, Fig. 3.4.5-5, to be set.

(5) Candidate target reports for which no reply has had a monopulse estimate
made (i.e., for which the boresight flag BF(m), is set to l at the time
of declaration) shall cause the single bit in the boresight azimuth.
indicator of the ATCRBS target report data block, Fig. 3.4.5=5, to be

set.

The reply correlator shall be able to accept in veal time the replies from
aircraft bunched in accordance with 3.3.2.5(b) along with mainlobe  fruit
occurring at a rate which would produce 8 fruit replies in a 200 nmi sweep. It
shall be able to process them according to the preceding reply/reply
correlation algorithm at a rate of 40 replies per sweep. A build up of
unprocessed targets, to be completed as soon as possible during the remainder
of the 11 1/4° sector, is thereby permitted. The reply correlator shall have
provision for accumulating up to 10 replies per aircraft per scan.

3.4.5.7 Target report output.— A final ATCRBS target report shall traasamit the
following Iiéorna:ion to cEe surveillance processing function (see fig.
3.4.5=5): '

Each target report may be output from the reply correlator in real time (as
soon as it is completely assembled) or target reports from a geographic
sector of coverage may be buffered and transmitted in &8 block to cthe
surveillance processing function, but the maximum delay for any target report
shall not exceed 1/32 of a scan.

3.4.5.8 Beacon strobe generation.- The initial message received from the reply
pProcessor (3.4.5.3) shall be checked each sweep for the presence of a
processor-overload flag, FO. When a traansitioa from FO =0 to FO = 1 is
detected on successive sweeps, the boresight azimuth of the current sweep shall
be stored and labeled Bg.

When the next transition fromwm FO = 1 to FO = O is detected, the boresight
azimuth of the current sweep shall be stored and labeled Bg. A beacon strobe
report containing Bg and By shall be formatted and output to the performance

moaltoring function (3.4.10) within 1/32 scaa.

This space unused inteationally.
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Range Estimate
Azimuth Estimate
Boresight Azimuth Indicator

Mode A Code Estimate

Mode A Confidence Sequence

Number of Mode A Replies Correlated
Mode C Code Estimate

Mode C Confidence Sequence

Number of Mode C Replies Correlated

Altitude Type

Mode 2 Code Estimate

Mode 2 Confidence Sequence
SPI Estimate

SPI Confidence

X Estimate

X Confidence

Time-of-Day of Most Recent Interrogation

Potential Code Swap Indicator

(Range unit word, 3.4.13.3.2)

(3.4.5.6.6(b))
(30445.6.7(4))
(3.4.5.6.6(c))
(3.6.5.6.6(c))
(3.6.5.6.6(e))
(3.4.5.6.6(d))
(306.5.6.6(d))
(3.4.5.6.6(e))

(3.4.6.3.4(c))

(3.4.5.6.6(e))
(304050606(.))
(3.4.5.6.6(f))

‘ (3.4.5.6.6(f))

(3.4.5.6.6(g))
(3.4.5.6.6(g))
(3.4.13,2.2)
(3.4.5.6.7(3)

Fig. 3.4.5-5. ATCRBS Target Report Data Block Contents.

e
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This space unused intentionally.
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3.4.6 Surveillance processing.

3.4.6.1 Overview.- Surveillance processing shall gemerate reliable and
accurace ATCRBS and Mode S reports from transponder replies, and from primary
radar reports input from sources such as the CD and the MID.

An ATCRBS report consists of merged rTeplies. Individual reports are
characterized by range, azimuth and Mode A code, Mode 2 code, and Mode C code
(altitude). A report may be incomplete, Lf one or more of these quantities {s
absent or incomsistent. The semnsor shall merge incomplete reports for the same
aircraft, correlate reports to track data, update surveillance files on a
scan-to-scan basis, and predict target positions. It shall alsoc attempt to
reinforce beacon reports with primary radar reports; and shall wuse primary
reports to update track data files which have not been updated with correlating
beacon data for the current scan. The sensor shall determine which of the
reports that do not correlate with existing track data represent fruit, and
which should be used to initiate new tracks.

The best reply position shall be selected for a Mode S equipped aircraft.
All-Call replies that do not correlate with existing Mode § tracks and are not
false targets shall be used to initiate tracks. Roll-Call replies shall be
used to update the track”s data base and to predict the track”s next position
for roli-call scheduling. After the track 1is updated, correlated and
uncorrelated replies shall be made available to other users.

3.4.6.1.1 Surveillance processing for ATCRBS.- A principal technique for
achieving high quality ATCRBS reports relles upon scan=to—-scan processing. In
the Mode S sensor a track file shall be established for each ATCRBS aircraft,
and reports from each scan shall be compared with the track file. As a result
of these comparisons, the report shall be verified, corrected and completed as
necessary. Then the track shall be updated for use next scan.

An ATCRBS report consists of a merging of one or more replies. These individual
replies are characterized by range, azimuth and either mode A code, mode 2 code
or altitude. Depending upon whether some or all of these quantities are present
and consistent for all replies, the merged report can be deficient in some
attributes, '

Section 3.4.6.4.6.3 checks for nearby reports that have swapped their 4096 code
and altitudes. This can happen for instance 1f the transponder delay 1is
different for mode A and mode C. Then the reply correlator can declare two
reports - one consisting of the mode A replies of one target and the wmode C
replies of the other and the second of the opposite combination. Other events
such as fruit and code declaration errors cause similar situatioms. The process
specified in 3.4.6.4.6.3 looks for multiple reports very close in range and
azimuth that associate with a stored track. If suitable comparisons hold, the
correct report can be reconstructed by appropriate swapping of 4096 code. These

corrections shall be made only after an assoclation is achieved with a stored
track.
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The report-to-track correlation shall be based upon the several attributes of
the report. A report 1s said to be associated to a track if it falls within a

specified ¢, 9, h association interval. There are four cases to be considered:

1l on 1: Only one report associated with only one track. Sectlom 3.4.6.&.7.
The report is correlated with the track.

1 on n: Only one report assoclated with n tracks. Section 3.4.6.4.9.
mon l: Only one track associated with m reports. Sectiom 3.4.6.4.8.
m on n: m reports associated with n tracks. Section 3.4.6.4.10.

In the last three cases, the report and track to be correlated are based upon
the following factors in order of precedence:

code agreement

coarse distance parameters
number of replies in report
altitude agreement

track maturity

fine distance parameters.

After reports are correlated with stored tracks, the code is reviewed. 1f the
4096 code of the report does not match the track, it is assumed that a code
change has been made in the aircraft and a transition situation is noted. After
3 successive scans of receiving the new code, the track file code 1is updated
(3.4.6.6.6).

Other anomalous conditions are checked for aad corrected in subsequent
sections, following correlation. ATCRBS fruit are rejected in 3.4.6.7. False
target flagging is accomplished partly inm 3.4.6.4.16 and partly in 3.4.6.13. A
block diagram of surveillance processing for ATCRBS is shown in fig. 3.4.6-1.

Throughout section 3.4.6 all reference to ATCRBS 4096 code shall be interpreted
to mean wmode A code. Where mode 2 code is intended it will be stated
explicictly.

3.4.6.1.1.1 ATCRBS subfunctions.- There shall be nine subfunctions (excluding
radar/beacon correlation and surveillance data dissemination), referred to
herein as:

(a) ATCRBS preprocessing (3.4.6.3.4)
(b) ATCRBS target-to-track correlation (3.4.6.4)
(¢) False-to-real track conversion (3.4.6.4.16)
(d) ATCRBS one=hit report rejection (3.4.6.4.13)
(e) ATCRBS track initiacion (3.4.6.5)
(£) False target report/track flagging (3.4.6.5.4)
(g) ATCRBS track update (3.4.6.6)
(h) ATCRBS fruit rejection (3.4.6.7)
(1) ATCRBS track data message processing (3.4.6.11)
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3.4.6.1.1.2 Input files.- There shall be five input files, referred to herein
as.:

(a) ATCRBS surveillance file (false tracks, real tracks, and unique code
tracks)

(b) Curreat target reports file

(¢) Llast=—scan uncorrelated file

(d) False target reflector flle

(e) Track data message file

3.4.6.1,1.3 Output files.- There shall be four output files, referred to
herein as:

(a) Uncorrelated tracks file
(b) Target/track correlation file (false and real)

(¢) Last-acan uncorrelated file
(d) Updated ATCRBS surveillance file

3.,4.6.1.1.4 Operation.~ All subfunctions may be performed on a track or sector
basis, but shall be performed at least once per sector and in the order shown
in fig. 3.4.6~1. A sector shall be 11.25 degrees (512 Au). If processing is
performed by sectors, due account shall be taken of cases where inputs to
certain functions lie near the boundaries of adjacent sectors. In particular,
some target reports may be held until the next sector to handle boundary
problems. Track data message processing shall be performed within 1/16 scan of
the receipt of any track data message.

(a) ATCRBS target=to-track correlation and false-to-real track conversion
shall receive current scan target reports and make spatial (plus
altitude and ATCRBS code) correlations to existing tracks in the
surveillance file, as specified in 3.4.6.4. Target=to-track
correlations shall be wused in ATCRBS track update. The correlated
reports shall be inputted to radar/beacon correlation (3.4.6.12) along
with uncorrelated tracks. Uncorrelated one-hit reports shall be
discarded.

(b) ATCRBS fruit rejection shall discard target reports under conditions
specified in 3.4.6.7

(c) ATCRBS track inittation and false target report/track flagging shall
attempt to initiate new tracks by correlating, on a scan—-to-scan basis,
those target reports that did not correlate with existing tracks, as
specified in 3.4.6.5, and that were not discarded as fruit.

(d) ATCRBS track update shall update tracks using ATCRBS target reports or
radar reports, as specified in 3.4.6.6.

(e) Track data message processing shall reinitiate tracks based on track
data messages, as specified in 3.4.6.11.
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3.4.6.1.2 Surveillance processing for Mode S.- Mode S, like  ATCRBS, also
relies on scan-to-scan processing for high quality surveillance data. This
processing, though, is considerably simplified by the presence of a unique
target 1ID. Thus, in particular, the report-to-track association and
correlation functions are not required. 4 block diagram of surveillance
processing for Mode S is shown in fig. 3.4.6-2,

3.4.6.1.2.1 Mode S subfunctions.- There shall be six subfunctions (excluding
Tadar/beacon correlation and surveillance data dissemination), rteferred to
herein as:

(a) Mode S preprocessing (3.4.6.3.5)
(b) Mode S position measurement selection (3.4.6.8)
(¢) Mode S track initiation ‘ {3.4.6.9)
(d) mode S false track rejection (3.4.6.9)
(e) Mode S track update (3.4.6.10)
(£) Mode S track dats message processing (3.4.6.11)

3.4.6.1.2.2 Mode S input files.~ There shall be six input £iles, referred to
herein as: .

(a) Mode S roll—call reply buffer.

(b) All=Call reports file.

(¢) Mode S survelllance file.

(d) Track data massage file.

(e) Rader/uncorrelated Mode S track file.
(f) Last=scan uncorrelated file

3.4.6.1.2.3 Mode § output files.- .‘mcre shall be four output files, referred
to herein as: :

(a) Updated Mode S surveillance file.
(b) Reply/report track correlatios file.
(¢) Uncorrelated tracks file.

(d) Last-scan uncorrelated fils.

3.4.6.1.2.4 Operation.- Mode $ position measurement selection and correlation
shall be completed before radar/beacoun correlation is performed. (Radar/beacon
correlation shall be performed at least once per azimuth sector as specified in
3.4.6.12.) Mode S track update shall be performed at least once per azimuth
sector after radar/beacon correlation. Mode S track initiation shall be
performed within 3/4 of a scan of the receipt of s second correlating reply as
specified in 3.4.6.9. Track data message processing shall be performed within
1/16 scan of receipt of any track dats message.

(a) Mode S position measurement selection shall receive roll-call replies
and All-Call replies for a given ID and select one such reply
following the ru.es specified in 3.4.6.8. A correlation based on
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Mode S ID shall be attempted and the reply shall be entered intoc the
appropriate file as shown in the diagram. Tracks not receiving a reply
shall be an input to radar/beacon correlation.

(b) Mode S track initiation shall receive umcorrelated All-Call reports
and attempt track initiation as specified in 3.4.6.9. Tracks that this
function considers false shall be dropped. Tracks counsidered as real
shall be entered into the surveillance £file.

(c) Mode S track update shall use roll-call replies, All-Call reports, and
radar returns as specified inm 3.4.6.10. To the extent possible, all
tracking functions (Mode S and ATCRBS) shall be implemented with the
same computer program.

(d) Track dats message processing shall initiate or update tracks based on
track dats messages, as specified in 3.4.6.11.

3.4.6.1.3 Radar/beacon correlation.~ Radar reports shall be correlated to
ATCRBS and Mode S beacon reports and to beacon uncorrelated tracks. The output
shall be radar reinforced and unreinforced beacon Treports, =radar reports
correlated to beacon uncorrelated tracks, and uncorrelated radar reports.
Correlation shall be done by azimuth sectors. Radar/beacon correlation and
ATCRBS target=to-track correlation shall, to the extent possible, be
implemented with the same computer program.

3.4.6.1.4 Surveillance data dissemination.- The data dissemination function
shall ‘format beacon reports and tag each with a sensor primary indication.
These reports as well as primary radar reports shall De selactively
disseminated to the ATC facilities as specified im 3.4.6.14.

3.4.6.2 Surveillance file.~ The purpose of this file is to store items
necessary for surveillance processing plus items necessary for other system
functions. The surveillance file shall contain at least all of the items shown
in Table 3.4.6.-1, These items are preseunted in the table with an indication
of the funections that use the item, or set the item, or both.

This space 1ntuntionilly unused.
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TABLE 3.4.6-10

SURVEILLANCE FILE

[ Fleld [ Field . ATCRBS/ | ¢C/M | S/p [ D/L T N/4 T -B/8 1
| e Lem_.{.&o..e..s....sal_....l U I S R
[Mode § 1D [ | I l l
| 24 bits MS | U B | uvu | v | u |
[ATCRBS 4096 Code ‘1 T 1 [ }
l | 14 bies | a/Ms | | 8 | 8 | | |
|ATCRBS 4096 Code T [ | | I I I |
| Confidence 14 bits | A | | B | | | |
[Predicted Range | I BB | I B |
| 16 bies | ams | v | B | I I
lPredicr.ed Ra.nge I I i { ] T |
|Rate (or x) | 16 bies | Aa/MS | | B | I |
[Range Guard I I | | r o |
| 16 bits MS ' u | s I | f
[Earliest Likely Rnge | | I | I
| (Range Delay, D)) 16 bits MS | U S | | |
|Predicted Azimuth | | ] | !
| 14 bits A/MS | B I I
|Predicted Azimuth - | I
| Rate (or y) 14 bies | a/Ms | B | | |
|[Earliest Likely ] | . | | | |
| Azimuth | 14 bies | MS | u | s I | s |
[Latest Likely | | T | | ] |
] Azimuch | 14 bies | MS | u | s | ! l
l | | ] ] ] ] |
}Measured Range, D3 16 bits |  A/MS : lf B : l[ U : U }
|
IMeasured Azimuth 14 bies | a/Ms | | B | U A} U }
| | | ]
:Iime of Measurement |(3.4.13.2.2)] A/MS | i s | % U : !
K | | | |
Irrack Position, x | 16 bies | A/MS | ! B | | } |
| | | | | |

|Track Position, y | 16 bies | a/Ms | i B | | [ I
| , T I T | ] T 1 |
|Turn state, » | 2 bies | A | | B | I | |
I ] ] ! ] | | | |
|Turn scace, © | 2 bies | A | | B | | l !
|[Mode C Code or | I | ] | | ] |
| Altitude | 12 bies | A/MS | | B | v L v |
[Mode C Code or I I i ] I ] I |
| Altitude Confidence! 12 bits | A [ | B | | | |

S = Set By C/M = Channel Management (3.4.1)

U = Used By S/P = Surveillance Processing (3.4.6)

B = Both D/L = Data Link Processing (3.4.7)

N/M =

Network Management 23.4.8)

304-10)

P/M = Performance Monitoring
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IARLE 3.4.6-1,
SURVEILIANCE TILE (CONTINUED)
IFie].c'l Field ATCRBS/ c/™ S/P b/L N/M PM
Length | Mode S Use
Altitude Type '
|_Setting 4 bigs A B
Altitude Counmter 3 bits A B
S bics AMS B U
History Track
Lirmmess S bits AMS B U
False Track
| _Ind{cator 1bit A B
Code Transition
—Counter 3. bics A B
Transition 4096 a
~Code 16 biss |- A B
|Transition 4096
—Code Confidence 14 bigs A B
Correlating Target
Report Nugber NS A B
Lpmax 16 bits AMMS B
Lfmax. 14 bits AMS B
Sector
—Boundary Flag 1L bic ALS B
Pointer to -
Next Track: NS A/MS U B
Acquisition Track
i_Indicator 1bit MS 4] B
Test Track
Indicator 1l bit A/MS B
Riffraction Flag 1 bic AL B
Data Link Active
Message File Pointer NS Mo U B
NS = Not Specified C/M = Charmel Management (3.4.0)
S = Set By S/P = Surveillance Processing (3.4.6)
U = Used By D/L = Data Link Processing (3.4.7)
B = Both N/M = Network Management - (3.4.8)

P/M = Performance Monitoring (3.4.10)
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4. 6-
SURVEILLANCE FILE (CONTINUED)
Field Field ATCRBS/ cM S/P D/L NM PM
Length | Mode § Use
AL Bit 1 bit MS U U S
DL Bit 1l bic MS U S S
| Replv Tvpe 3 bits MS S U U
Basic Data Link
| _Capgbility CA 3 bits MS U S U B
Extended Capability
ECA With Assoc-
 jated BDS2 52 bles MS B U
Capability Request
| _TFlag CAP 1. bit MS U B S
Broadcast message No. :
2 bits MS B S
New Roll-Call Target
1 bit MS S B S
Flight ID
48 birs MS S B
Target Track
|_Status 3 bizs A/MS B
Primary Coordi-
1 bic M B
Sensor Data
3 bits ALMS B
Assigned Sensor Nxé&
(N items, 0 < N < 4) bits MS B
Request Bit for Nx1
|—Assigned Sensor bics A3 B
Connectivity Flag Nx1
a0 e DIty 0 B
Coverage Map
(—Cell Index 8 bics i B
Zenith Cone
| _Flag 1 bit s B
Special Mode
|_Flag 1 bit NS B
Inlist - Sensor ID 2x4
(2 jtems) bitcs ANSS B
S = Set By C/M = Charmal Management (3.4.1)
U = Used By S/P = Surveillance Processing (3.4.6)
B = Both D/L = Data Link Processing (3.4.7)
NM = Network Management (3.4.8)
P/M = Performance Menitoring (3.4.10)




D e A L

FAA-E-2716 =207~
TABLE 3.4.6-1.
SURVEILLANCE FILE (CONTINUED)

[ Fleld [ Field | AICRBS/ | C/M 1| 3/F | D/L T T P/M
| | Lengeh |Mode S Usel | l | | —
|Inlist-Sensor LD i 2x1 | | I | | N
| Act. Ind, (2 items)| bits | __a/ms | I | I l
jOutlist = Sensor | 2 x4 | | ] | ] |
| (2 items) | bits | MS | | | | |
|Outlist-Expiration | I 1 [ i I [
| Counter | 3 bits | MS | | I
[Outlist-Fiag to l | ] | I
| Suspend Action | 1 bie | MS | | |
|Remote Track Number | 2 x 12 | | i [
|_(2 items) _ | bits | A l | I l
|Target Closure Flag | | I | i !
| 1 bit | MS [ s | o | |
[New ELM Target Flag I [ I I I
I | 1 bie | MS | | | | |
|Sensor Priority | | ] | | ] l
|_Status PS 1l bit | Ms v | v | |
|Target Control Bl | | |
| Status UC | 1 b4t |  A/MS | | | | |
[Lockout Comtrol f | ] ] | i i
| State | 2 bits | MS | | |
|Lock Count ] | ] | |
! S bits MS | |
|Unlock -Count | |
l _ | 6 bics MS | l l
fall-Call Flag | 1 | |
|~ 1 bit MS | s |
jAll=Call Count I I
| | 6 bits MS | | |
|Unconnected Sensor | i | i
|_Flag | 1 bie S | U I
[Connected Sensor 1 I I
| Fla | 1 bie | MS | | I
{Radar Zenith Cone | I | | |
|_Fla | 1 b1t A | u_ |
[Spare Fields I | |
| 132 bies | | | | | |

S = Set By C/M = Channel Management (3.4.1)

U = Used By S/P = Surveillance Processing (3.4.6)

B = Both D/L = Data Link Processing (3.4.7)

N/M = Nerwork Management (3.4.8)
P/M =

Performance Monitoring (3.4.10)

A e A s e . —— — i o} St T e T . — ——— — —— i W it ST T STET mSSm s mmm eme e aad
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3.4.6.3 lInput preprocessing.

3.4.6.3.1 Purpose.~ The purpose of this subfunction is to perform initial
cooversion and selection tasks on the ATCRBS, Mode S, and radar data that are

input to surveillance processing.

3,4.6.3.2 Inputs.= The inputs to this subfunction shall include the
following:

(a) ATCRBS report data blocks from ATCRES reply correlation (3.4.53).

(b) Mode S reply data blocks (roll-call and’ All-Call) from the Mode S reply
processor (3.4.4).

(¢) Radar report data blocks from the radar interface (3.5.2).

(d) The off-boresight lookup table (3.4.11). .

(e) The table offset value from performance monitoring (3.4.10.3.5.2).

(£) The ATCRBS/radar range mask table (3.4.8.3.6).

(g) The collimation correction range and angle (3.4.10.3.5.3).

3.4.6.3.3 Outputs.- The outputs of this subfunc:tbn shall include the
following: )

(a) ATCRBS report data blocks with corrected range and decoded altitude.

(b) Mode S reply data blocks with corrected range, measured azimuth and the
off-boresight angle. Altitude decoding shall be performed after
position measurement selection (3.4.6.8).

(c) Radar reports that are within the maximum sensor operating range, as
defined by the ATCRBS/radar range mask table.

3.4.6.3.4 ATCRBS preprocessing.=

(a) Target report reconstruction: an aircraft whose ATCRBS transponder
fails to satisfy the inter-mode delay criterion can produce Mode A and
Mode C replies sufficiently different in range to prevent them from
correlating with each other by the rules of 3.4.5.6.5. To correct
this problem, target reports of the following types are l{dentified:

Type A: a target report with no Mode C altitude replies
Type C: a target report with no Mode A code replies

Whenever a pair of target reports, one of type A and the other of type
C, are found that satisfy:

[Py = Pcl € 10 * &p and
¥y = Yol < Ay
where:
A, = 8(1-64,1) Ru, and
Ag = 16(4=64,4) Au.
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these two reports shall be combined into one report having the
following information fields:

DA+°C

(L)p =
2

Ya + ’C
(2)*‘.—..—
2

(3) Mode A code of target report A

(4) Mode A confidence of target report A

(5) Number of Mode A replies of target report A

(6) Mode C altitude of target report C

(7) Mode C confidence of target report C

(8) Number of Mode C replies of target report C

(9), (10), (11) Mode 2 code, code confidence, and number of replies
(1) if only one report has Mode 2 replies, its Mode 2 code,

- code confidence, and number of replies shall be used;
(11) 1f both reports have Mode 2 raplies, and the two codes agree
in all high confidence bits, the new target report shall

contain:
D DA + Dc
Nz * Nu -+ Nzc

vhere C and D are the vector Mode 2 code and code confidence
words (refer to 3.4.5.6.3 and 3.4.5.6.6 for notation
details).

(L11) 1f both reports have Mode 2 replies, and the two codes
disagree in ons or more high confidence bits, the new target
report shall coatain:

lel <0
IDl « 0

Ny « Ny + Nye
(12) Time of day corresponding toc most recent interrogation:
t « Max{t,, t¢l
(13) (14) SPI bit and SPI confidence:
SPI + SPI,

SPIC + SPIC,
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(15), (16) X bit and X confidence:
X*XA
XC ¢ XC,

(b) Range correction: range correction for ATCRBS shall be accomplished
using the following equation:

True range = measured range <= 48 Ru (3 us) = D7
where 3 us 1is the ATCRBS transponder turnaround time, and 07
accounts for delays arising from a particular implementation.

True range shall be written in the measured range word of the reply data
block.

(¢) Altitude conversion: the altitude confidence bit estimates from the
reply data block (see fig. 3,4.5-6) shall be tested in order to classify
the altitude reply according to one of the first five of the aine
altitude types listed in Table 3.4.6-2, "Iype Setting” from this table
shall be written into the designated field of the reply data bdblock.
Only if the altitude type ts "clear flight level” (Type setting “0")
shall the altitude field from the reply data block be decoded, expressed
in units of 100 feet, and writtem Iinto the altitude field of the reply
data block. Altitude shall not be decoded for altitude types “1", "2%,
"3", and "é4".

3.4.6.3.5 Mode S preprocessing.-~

(a) Range correction: range for Mode S roll=call targets shall be computed
from (i) the expected range delay, D; (from the target record,
3.4e103.4.1), (11) the measured range correction Do (from the llode S
reply block, 3.4,6.8.2), (111) the total turnaround delay for roll=-call
= 2124 Ru (132.75 us), and (iv) any other system delays arising from the
particular hardware implementationm, Dy .

The true range for roll-call targets shall be computed as follows:

true range = Dy + Dp = (2124 + D,).

Range for lode S All=Call targets shall be computed from (a) the
aeasured range, Dy (from the Mode S reply block), (b) the transponder
turn-around delay for ATCRBS/Mode S All=-Call = 2080 Ru (130.0 wus) and
for Mode S—only All-Call = 2124 (132.75 us), and (c) systenm delays, D¢
(as defined hgrein).
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TABLE 3.4.6-2

ALTITUDE REPRESENTATIONS

All values in Hex

. Type
Altitude Type Code Confidence Setting
(1) No replies 000 000 2
(2) Garbled brackets Novhigh confid., 'l's — 3
2> 1 high confid. '0's
> 1 low confid. bits
(3) Clear brackets 000 FFF 4
(4) Garbled flight all bits low confid, or — i 1
level > 1 high confid. 'l's and
» 1 lov confid. bits
(5) Clear flight any but 000 FFF 0
level
(6) "Had been” 000 000 _ A
no replies
(7) “"Had been” 000 000 D
brackets
(8) "Had been” any but 000 000 E
garbled flight
level
(9) “Had been” any but 000 000 F
clear flight
level

Note: An altitude is defined to be "garbled brackets™ if it has no high
confidence 1's in any code bit and thus may represent an aircraft not
equipped with encoding altimeter.
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The true range for All-Call ctargets

ATTR8S/ode S Al

true range = Dy = (20930 + 2J,)
“fode S=Only All

- D3 - (2124 - Da)

1
ta

shall be computed as fallsws:

‘Call I
11 Iaterrogatisa

True range shall be written into the seasured range word of <the replr

data block.

Azimuth lnokup: if a monopulse estimate 1s present,
angle for Mode S roll-call and All=Call reply blocks
by using the off-boresight
particular value of nff-boresiznt signal
lookup table.

i{s stored

The index value IN shall be computed as follows:
IN = OBl + 4x

where 0Bl is the

data block and 4z is the table offset value

monitoring. The resulting value of 15 is checked agalinst
the repl’ was

and YBH (3.4.1.6.5.3.2) to deteraine i
the antenna main lobe or bevo>nd the beaa edze.
range BL to MBH, the reply shall be accepted as 2
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data block in place of 0BI.

i
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data block in place of 0Bl and a 10 AZ flaz shall be
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azimuth shall replace the boresignt azimuth ia the
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correlates with any
i¢:

(-]

(L)
(2)
(3)

\ode S addresses (if preseat) are the sa3e,
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where 0 and 8 are the reply range and azimuth respectively. Correlated
sets of replies shall be retained if the set contains at least:

(1) 2(2=4,1) replies with range, Mode $ address and off-boresight
azimuth, '

(2) 2(2=4,1) replies with at least range and Mode S address,

(3) 2(2-4,1) replies with at least range and off-boresight,
monopulse,

(4) 3(2-4,1) replies with at least range.

All-Call replies not meeting the above criteria shall be discarded.

(d) Alert check: each All-Call reply coataining a Mode S address shall be
checked to determine L{f its Mode S address is listed in the duplicate
address alert table (DAAT, 3.4.6.9.4). An All-Call reply whose address
is listed in the DAAT shall be used to update the DAAT as follows:

(1) The All-Call reply position shall replace the position of the
DAAT entry closest to the reply.

(2) The corresponding counter shall be set to zers.
This All=Call reply shall be disseminated to ATC.

3.4.6.3.6 Radar preprocessing.- Reported range shall be converted into
two-way (radar) range in sensor range units and corrected by adding the
collimation correction range, CCR (3.4.10.3.5.3). Reported azimuth shall be
corrected to sensor azimuth by adding the collimation correction angle, CCA,
(3.4.10.3.5.3), The collimation corrected szimuth of each radar report shall
be used to enter the ATCRBS/radar rangs mask table. The resulting table value
will be the maximum permitted sensor raage at the .azimuth. Radar reports whose
range exceeds the sensor maximus range shall be discarded.

3.4.6.4 ATCRBS target—-to—-track correlation.

Note: Computer sizing for ATCRBS target-to-track correlation shall be based
upon an ATCRBS population that 1s composed of S0 percent discrete code and 50
percent non-discrete code asircraft. Special case execution shall be as
follows: ) 4

Velocity reasonablensss: 101 of reports

Quality score: 102 of reports

l=track x 2-reports: 42 of the reports
2-tracks x l=report: 22 of the reports
2=-tracks x 2-reports: 42 of the reports
Deviation score: 12 of the reports
B X n correlation: 12 of the reports

(m>2 or 2)
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3.4.6.4.1 Purpose.= The purpose is to correlate ATCRBS target reports received
from AICKBS preprocessing (3.4.6.3.4), with existing ATCR8S tracks in the
survelllance file (3.4.6.2), and convert false tracks to real tracks.

3.4.6.4,2 1Inputs.=- The 1inputs shall be ATCRBS target reports from ATCRSS
preprocessing, plus existing ATCRBS tracks residing in the survelllance file.

3.4.6.4.2.1 Target report inputs.- The relevant target report items used in
ATCRBS target-to-track correlation shall be:

(a) Measured range.
(b) Measured azimuth.
(¢) ATCRBS 4096 and mode 2 code words.

(d) ATCRBS mode C altitude word.

(e) 4096 and mode 2 code confidence words.

(f) Mode C altitude confidence word.

(g) Alritude type setting.

(h) Number of mode A replies used to generate the report.
(1) Number of mode C replies used to generate the report.
(3) Number of mode 2 replies used to generate the report.

3.4.6.46.2.2 Surveillance file {inputs.- The relevant {tems from existing ATCRBS
tracks Ln the survelllance file shall be:

(a) Predicted range - This is the expected range of the track.

(b) Predicted azimuth = This is the expected azimuth of the track.

(¢) ATCRBS 4096 code word = This is the 4096 code of the track.

(d) ATCRBS mode C altitude word - This is the mode C altitude of the track.

(e) ATCRBS 4096 code confidence word - This specifies which bits in the 4096
code are high confidence (3.4.5.3.3).

(£) ATCRBS mode C altitude confidence word - This specifies which bits in
the altitude are high confidence.

(g) Altitude type setting - This specifies the type of track altitude as
defined in Table 3.4.6=2.

(h) Track firmness, f, as defined in 3.4.6.10.4.1.

(1) Track history firmmess, g, as defined in 3.4.6.10.4.1

3.4.6.46.3 Outputs.~ The output shall be pairings of target reports and tracks,
plus leftover unpaired target reports and tracks. The pairings shall be used in
ATCRBS track update (3.4.6.6), and the leftover unpaired reports shall be used
in ATCRBS track initiation (3.4.6.5). The pairings shall be placed in a table
referred to hereln as the target—to-track correlation table. This table shall
contain the report, or a pointer to the report, that correlates with each
track. If there is no such report, then the table shall contdin a null value,
or a null pointer. The leftover unpaired reports shall be placed in a table
referred to herein as the uncorrelated reports table.
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3.4.6.4.6 Definitions.- The following definitions apply:

Aeij The magnitude of the azimuth difference between the ith report and
the jth track. .

Aoij " The magnitude of the range difference between the ith report and
the jth track.

4hy 4 The magnitude of the height difference between the ith report and
the jth track as defined in para. 3.4.6.4.4.1.

8C4 4 The magnitude of the code difference between the ith report and

the jth track as defined below:

(a) If C4 and C; agree in all common high confidence bits, and
at least 1 such bit exists, then Acij = 0,

(b) 1f Ty and C4 contaln no common high confidence bits, or if
Ci{ or Cj or both are non=-existent, then 8Ciy = 1/2 OCpax-

(e) I£ C4 and Cy differ in from one to ACepr coOmmon high
confidence bits in any positions, then 8Cijy = 8Cp..

(d) If C{ and Cg differ in from 1 + A4Cepr to 12 common high
confidence bits in any positions, then ACij = 28Chax-

Aojzmax Range zone boundaries in Ru (as specified in 3.4.6.4.6.1)
for track j ]
’ Aejzmax Azimuth zone boundaries in Au (as specified in 3.4.6.4.6.1)
for track J i
Shpax 10 (5=15, 1) 100"s of fee

%x 10.

Discrete A 4096 report code or track code having all bits high
4096 confidence, having at least one noa-zero~bit in positions
code C4i to D), and if a report, the code swap bit must not be set.

8P egg  ‘Reasonableness test range window 400 (200-800, 100) Ru.
88 42s Reasonableness test azimuth window 200 ( 50-1000, 50) Au.

Creas Reasonableness test tange cut off 1000 (400-1600, 100) Ru.
Ahepr Number of permissible altitude bit errocs 1(0-8, 1).
ACerr Number of permissible code bit errors 1 (0-8, 1).

Ppy = 0.9 Note: Ppn; and Pyy are probability parameters chosen to give
BPpy = 0.8 proper priority levels to possible altitude natch pairings.

3.4.6.4.4.1 Calculation of 8hyy.= Variable hij» representing the difference
in flight levels of the jth track and the “{th report, shall be set in
accordance with Table 3.4.6-3. Report and track alticude types ziven
correspond to those defined in Tadle 3.4.6-2. The "had been X" track altitude
type categories permit avoiding the rejection of assoclations on the basls of
no longer valid altitude icformatiosm.
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TABLE 3.4.6-3

ALTITUDE ASSOCIATION CASES

Values of Ahij

- (3)

Report (1) (2) (3) (4)
No Garbled Clear Garbled Clear
Track replies brackets brackets level level
No '
replies Y Phi*Shpay Pni*8hpayx | Phi*Shgax Ph1*haay
Garbled Phi*Shaax 0 0 Compare bits | compare bits
brackets or or
Pro*Ahpgy Ph2*Shgax
Clear Pp1*4hpgx 0 0 | Pr2*8hgax Pn2*8hpax
brackets
Garbled Phi*dhpex | Compare bits | Ppa*lhgpgyx | Compare Compare
level or bits bits
Ppo*Shogx
Clear Ph1*dhpgx | Compare bits | Ppa*dhpax | Compare |di €]
level or bits or
Pho*ahmax compare blts
“Had been” 0 Pn1* dhmax Ph1*ahmax | Ph1*Abmax Ph1*shaax
no replies ] .
“"Had been” Pn1* dhagx 0 0 Ph2*Ahpax Pr2*Ahaax
brackets
"Had been” Pn1* dhmax | Compare bits | Ppa*Ahpgx | Compare bits | Compare bits
garbled level or or or
Pno* Shpax Shpax 8hmax
“Had been” Ppi*fhpax | Compare bits | Ppa*ahggy | Compare bits | |diff| or
clear level or ot compare bits
Pn2* dhpgx Shpgx or Ahggy

&hi y computation or value 1is given

Or means choose best score
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The sysbol |d1ff| means the absolute difference in 100 foot flight levels

betwveen the altitudes, divided by S, the number of scans since the track
altitude was updated.

In those cases where “compare bits” is indicated, Ahij is to be calculated as
follows:

Ahij = [5 + 5 * =ax{0, dhlgh < Ahel’f}l/s

where

dhigh = number of common high confidence bit differences in altitude
code digits D DDA AsA B, BoB| taken as a group.

This space unused intentially.



FAA-E-2716 & AMEND.-2 -218-
SCN-17 (Change 23)

3.4.6.4,5 Unique code correlation.

3.4,6.4.5.1 Unique code track file.- Two track files 'shall be maintained for
ATCRBS tracks. The unique code track file shall contain all discrete code

tracks which are unique. If two or more tracks exist with the same discrete
code, they all shall be kept in the general track file. All tracks with
nondiscrete codes shall be kept in the general track file.

4. 6.4 e .-

The correlation of discrete 4096 code tracks residing in the unique code track
file (but not those residing in the general track file) shall be performed as
follows. First, if one and only one report both has a discrete 4096 code that
matches that of the unique code track and passes the reasonableness test
defined in (a), (b), and (¢) below, then the track and matching report shall be
immediately correlated, and neither shall be subject to the association
procedures of 3.4.6.4.6,

Reasonableness Test:
The reasonableness test shall be satisfied if:

(a) 8piy SOpreas.
(b) Aeij SO8ppag. when py 2 praas. . Otherwise a:nyAeij is acceptable.
€ Ahpay if report is not a code swap candidate

(c) Ahij <1, Ohpey Lf report is a code swap candidate

Otherwise, if two or more reports have discrete 4096 codes that match that of
the unique code track and pass the above reasonableness test, then track
correlation shall be performed with one of this set of matching reports, using
the selection procedure defined in (d) and (e) below. All other umselected
reports shall be marked as false.

Selection Procedure for unique-code tracks:

(d) 1If no matching report has an elevation angle that exceeds an elevation
limit parameter (nominally 30 degrees), the report with the shortest
range shall be immediately correlated with the unique code track.
Neither the track nor the set of matching reports shall be subject to
the association procedures of 3.4.6.4.6.

(e) If one or mors matching reports have elevation angles that exceed the
elevation 1limit, then selection of the matching report to be
correlated to the unique code track shall be made using the
association procedures of 3.4.6.4.6. In applying these association
procedures, no other non-matching report may be associated to the
unique code track, and no other track may be associated to any of the
matching reports.
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All unique code tracks not receiving any matching report correlations, and all
discrete code reports not matching any unique code track, shall be retained and
be subject to the association procedures of 3.4.6.4.6.

4,64 -to-track

3.4.6.4.6.1 _Calculation of association zones.- Three association zone
boundaries shall be calculated for each track (except for tracks that were
correlated in 3.4.6.4.5.2). The azimuth boundary BEpay) of each of the three
zones shall not exceed N sectors.

(8) Bpdlpgy =o, * (1 +20)

13
Aejlmax = max (d‘gp """ * ---) * (1 + 2f)
P pred L
2
() Ap 32y =8pIlpey + .0421 * ag * 192 * {Z} * (£2 + £g)

L0421 * a_ * 192 2
869200 =083 lpgy + <ovuue-- o (@
Ppred * (r/2L3) 4 )
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(¢) 833 4y =n * 4032 __, but no greater than
asx{100 * T, &0325,.)

4833 = o % 8632 __, but no greater than

oax

100 233
0ax{100 * T, Ppreg * * * T, Aejznlx}

(d) Parameters to be used in (a), (b) and (c) are:

ag g's of turn = 1 (0.5 - 2.0, 0.1)

£ firmness per para. 3.6.6.10.4.1

B history firmness per para. 3.4.6,10.4.1

n 4(2-6,1) (Note: =n is empirical)

% 3-sigma range accuracy = 8(4-16,1) Ru

og 3~sigma angle accuracy = 8(é4=-16,1) Au

T antenna scan time, seconds

N maximum azisuth of correlation box -.6(2 ~ 4,1) sectors

3.4.6.4.6.2 Associations.- Report to track associations shall be made as
defined below and summarized in Tables 3.4.6=4 (a) and (b).

3.4.6.4.6.2.]1 Permanent associations.= This step shall be to identify as
permanent associations, of type I or Il, all report i to track j pairinogs that
satisfy one of the following sets of conditions:

1. (a) dpgq < 8032, and
(b) 8843 ¢ 2032, and
(c) 8bgy < 1/28hy,, and
(d) acgy < 1/28Cpq

Il. Case 1:
(a) < apd2__ and
(b) 22 < 26325,% and

(e) h‘._x < Ahi < &b, and
(d) Acij 12 act) x
Case 2'12 3

< b8p,, € & or
é;; jznax 13 3nax and

< a8,y € AeJ
(C) Ahij < l/i

(d) aCyy < 1/2 ACE‘ and
(e) track j is real and mature and report i has 2 or more replies

For each such association, the zome that the report i lies in, relative to the
track j, shall be determined as defined below.
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TABLE 3.4.6-4(a)

ASSOCIATION TABLE FOR ZONES 1 and 2

Report Altitude Conditions

|
|
|
Report Code Conditions [BWyy < I/28Rg . 1172Bhy,, < Sy <8Ry, | &Ryy > Bhg,,
| | |
| I i [
IACij < 1/28Cq.4 | Permanent | = Tentative | Tentative
| | Association | Association | Association
} } (1) } (alt code) = (alt code)
|1/28Cpa5 € 8Cyq € 8Cpay! Tentative |  Permanent | No
| | association |  Association | Associlation
| I (alt code) : (1) {
l .
|ACL3 > ACpax | Tentative I Permanent f No
| | Association |  Association | Association
| | (alt code) I (11) |
[ | | |
TABLE 3.4.6=4(b)
ASSOCIATION TABLE FOR ZONE 3
|
} Report Altitude Conditions
Report Code Conditions [8hyy < 1728hp,, T1/28hpay € ARy ySahp,y | ARy g > Bhp,y
| | |
| i | |
IACij < 1/28Cq .4 | Permanent | No | No
| | Association® |  Association | Association
| [ (1I) | |
| | | |
|1/28Cpa5 € ACq4 € 8Co,| No I No | No
= I Association |  Association | Association
| | :
| | | | -
lacLy > 8Cpayq I No | No ! No
E | Association | Association | Association
I | !
| | | |

*1f the track is false, or not yet mature, or the target report has only one
reply, designate this square as "No Association™.

I .
I
|
|
I
|
I
I
|
I
I
I
I
I
I
I
I
I

I
I
I
I
|
I
I
I
I
|
I
I
|
I
|
I
I
l
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The reporf is in zome 1 if:
0 ¢ Apij < ADJlnnx
and
0 ¢ 884y < Aeiln‘x.
The report is in zone 2 if:
bpgqy < 80320 0x

and

and the report is not in zone 1.
The report is in zone 3 if it is not in zones 1 or 2.

36.6.6.6.2.2 Tentative associations.- It is possible that ATCRBS reply
correlation (3.4.5.6) will output pairs of target reports that have their 4096
codes mistakenly interchanged. The purpose of making tentative associations is
to identify reports that may be pembers of such pairs. The reports so
identified will be used in the report code swapping step as specified in
3.4.6.4.6.3.

The first step shall be to identify as tentative associations of the type (alt
code) all report i to track j pairings that satisfy the following conditions:

(a) bo44 ¢ 2p32

(b) Aeii < a8d2n,,
(C) Ahij < l/ZAh‘.x
(d) 4acyj > 1/28C,, -

The next step shall be to identify as tentative associations of the type (alt
code) all report i to j pairings that satisfy the following conditions:

| : 2

() o < donmen
(e) &h >1/2a

(d) Acig < 1/2A2:::.

3.4.6.4.6.3 Report 4096 and mode 2 code swapping.

3.4.6.4.6.3.1 Report 4096 code swapping.- The 4096 report code, code
confidence and number of replies of a type (alt code) tentative assoclation
shall be swapped with the 4096 report code, code confidence and number of

# replies of a type (it code) whenever the following conditions are satisfied: #
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(a) Both reports have their potential code swap bits set to 1.

(b) Neither report has a type I permanent association with a track
(3.4.6.,4.6.2.1).

(c) Both tentative associations are to the same track.

(d) That track has no type I permanent association with any report.

(e) The magnitude of the range difference between the reports is less
than Ap defined in 3.4.5.6.5. :

(£) The magnitude of the azimuth difference between the reports is
less than AY defined in 3.4.5.6.5.

3.4.6.4.6.3.2 Mode 2 code swapping.- The following tasks shall be performed
for every 4096 code swap made in 3.4.6.4.6.3.1 above:

(a) If in the pair of reports only one had a mode 2 code having all high
confidence bits, then that mode 2 code and its confidence word shall be
assigned to the report having altitude and 4096 code agreement with the
track, and the other report shall have its mode 2 code set to all bits

low confidencs.

(b) If in the pair of reports both had mode 2 codes having all high
confidence bits, and the mode 2 codes are different, or if neither
report has a mode 2 code having all bits high confidence, then the mode
2 code confidence words of both reports shall be set to all bits low
confidence.

3.4.6.4.6.4 Resolution of tentative associations.- After all possible code
swapping has been effected, all tentative assoclations shall be converted to
permanent associations or no associations according to the .following rules,
where the association zome is determined as in 3.4.6.4.6.2.1:"

(a) if Ahij < Ahuax and the report is in zone 1, the association shall
become” permanent type I; '

{b) if Ahij < Ahnax and the report is in zone 2, the association shall
become” permanent type II;

(c) 1f Ahij > Ahn;x' the association shall become no association.

3.4.6.4.6.5 Resolution of type Il permanent associations.-~ After all
tentative associations have been resolved, all type II permanent associations
that satisfy the velocity reasonableness test specified in 3,4.6.4.6.6 shall be
converted to type 1 permanent associations, All type II permanent
associations that fail this test shall be converted to no associations.

3.4.6.4.6.6 Velocity reasonableness test.- A target report 1 shall be said to
have passed the velocity reasonableness test with respect to track j 1f che two
tests specified in 3.4.6.4.6.6.2 and 3.4.6.64.6.6.3 are satisfied.
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3.4.6.6.6.6.1 Definitions.- The following definitions apoly:

Note: Regions 1,2, and 3, and the methods of caluulating Ppred and
@ red are defined in para. 3.4.6.10.4.2.

v The vector from the last known track position t¢ the target report
- position, calculated as follows:

(a) 1if crack J is in regions 1 or 2:
Vo ® Py - pjpr?d + £ * Oypred
vg = {81= Cyprea + £ * éjpred} * °jpted*ﬂ/213
vy = (vp, vy) |

(b) 41if track j is in regiom 3:

2

- 1/2
vy = (py = hj )

sin & - Xjpred + £ * Xjpred

2

~21/2
Vy = (P - hj )

cos 8y - Yipred * £ * Yjpred
1 - (VXD Vy)

where predicted track position and rate components for track j,

Xjpred» Yjpred» Xjpred and Yjpred, are maintained
in the surveillance file (3.4.6.2).

je

The vector from the last known track pesition to the predicted track
position, calculated as follows:

(é) if track j is in regions 1 or 2:
wp = £ Djpred

wg » £ * éjpred * Oyend * n /213

v = (v, wg)

(b) Lif track j is in region 3:

Ux = £ * Xjpred
vy ® £ * Yipred
1 - (VX1 Uy)

wvhere Xjpred and yjpred are as defined above,

f The track firmmess as defined in 3.4.6.10.4.1.
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3.4.6.6.6.6.2 Test one.- This test 1s satisfied 1f any of the following thre
. L ] .
conditions are met:

- (2) Pypred < ep oT

(®) ®jpred < eg * P3gnd oF

v .V
(e) e 2 - (£=1) * 0.
el * 1l xll
where
ep = 20(5-100,5) Note: e and eg are based on

: Mode S sensor © and & error
eg = 10(5-50,5) * m/213  characteristics.

-2
Pygnd = (02jpred = hj)llz

Pijpred and hj(i"-: 2*1-627*hj'h,) where hgy = height of the
sensor antenna above sea
- level in Ru are obtained
from the track file,
Py = 0.25 (0.1-0.5, 0.05).

3.4.6.4.6.6.3 Test two.~ This test {is satisfied if the following condition
met: _ ' )

°2 - 1025 (100 - 200, 0.05)
e = (e, eg * °jgnd) {f track is in regions 1l or 2

= (e, ¢) if track is in region 3.

3.4.6.4.7 Single-track, single-report correlation.~ This step shall be to
identify all cases where a track associates with one and only one report and
that report associates only with the given track. The track and report shall be
correlated and entered into the ctarget—~to—track correlation file. This report
and the track shall not enter into 3.4.6.4.8, 3.4.6.4.9, or 3.46.6.4.10, below.

3,4.6.4.8 Single-track, multiple-report correlation.~ This step shall be to
idencify all cases where a track associates with more than one report, and each
of these reports associates only with the track under counsideration. The report
with the lowest quality score shall be correlated with the track. If the low
quality score (defined in 3.4.6.4.11) appears for more than one association,
then the deviation score (defined in 3.4.6.4.12) shall be computed for each such
association. The report with the lowest deviation score shall be correlated with
the track. This track and all {ts assoclated reports shall not enter in-
3.4.6.4.9, or 3.4.6.4.10, below.
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3.4.6.4.9 Multiple-track, single-report correlation.~ This step shall be to

identify all cases where a report assoclates with more than one track, and each
of these tracks associates only with the report under coasideration. The track
with the lowest quality score (defined in 3.4.6.4.11l) shall be correlated with
the report. If the low quality score appears for more than one association,
then the deviation score (defined in 3.4.6.4.12) shall be computed for each
such association. The track with the lowest deviation score shall be correlated
with the report. This report and all its associated tracks shall not enter into
3.4.6.4.10 below.

3.4,6,4.10 Multiple=track, multiple-report ("many—-on-many”) correlatiom.

3,4.6.,6.10.1 Formation of closed set of reports and tracks.- This step shall
be to identify all cases where:

(a) There are two or more reports associated with a track (for example,
track A) .

(b) One or more of the reports in (a) above associates with one or more
tracks in addition to track A.

In these cases, a closed set of tracks and reports, none of which associates
with & track or report not in the set, shall be determined, whenever possible.
" In those cases when this is not possible, correlation for the earliest track in
the set shall be completed by the time the track is N sectors old, wvhere N is
given in 3.4.6.4.6.1, by employing the subset of reports and tracks kaown by
that time.

3,6,6,4.10.2 Formation of resolution matrix.- A matrix, refarred to herein as
the resolution matrix, shall be formsd. It shall have one row for each report
in the set identified in 3.4.6.4.10.]1 and one column for each track identified
in 3.4.6.4.10.1. The matrix entry for a report and track shall be the quality
gscore defined in 3.4.6.4.11, if the report and ctrack associate. If not, the
octal wvalue 50000000 gshall be used. Figure l.4.6~3 shows an example of this
matrix.

1f there are fewer reports (rows) thas tracks (columns), 3.4.6.4.10.3 shall be
performed. If there are fewer (or equal) tracks than reports, 3.4.6.4.10.4
shall be performed. :

3.4.6,4.10.3 Fewer reports than tracks.- A "quality score—difference” shall be
computed for each report. The quality score~difference shall be the magnitude
of the difference between the two smallest column entries in the report row.
In fig. 3.4.6=3 these valuss would be:

(a) for ry: 00001000
(b) for rg: 37770000
(¢) for ry: 00007000
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Tracks '
I
:a | tb | cc | t4
rl DO00I010 | 40000010 | 50000000 | 000000LV
| l |
Reports rz 50GLI0T0 | 30000000 | 40001010 | 50000000
| | |

r3 ~Z0600010 | 00001010 | 20000010 | 00010010
| | |

All Entries are Report-to-Track Quality Scores in Octal

Figure 3.4.6-3 Example of a Resolution Matrix
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A correlation shall be attempted for the report having the largest such
score=difference. If the largest quality score~difference appears for more
than one report, then the deviation scores (defined in 3.4.6.4.12) sghall be
computed for the associations involved "in chose largest gquality
score-differences. These deviation scores shall be added to the quality scores
and the new scores shall be differenced and used to identify the report with
the largest quality-deviation score-difference. The so-identified report shall
be correlated with the associating track having the smallest quality score, if
that smallest quality score 1s less than 50000000. If the smallest quality
score appears for wmore than one track, then the deviation score shall be
computed for those tracks, unless the deviation score has already been
computed. The report shall be correlated with the track having the smallest
quality=-deviation score. The report shall be considered uncorrelated if the
smallest score ls greater than or equal to 50000000. ln the example, report £y
would be correlated with track t,-. After making the first correlation the
mactrix shall be reduced by deleting the row corresponding to the report and the
column corresponding to the track. The process of computing score-differences
and attempting correlations shall be repeated until all- possible correlations
are made.

»4.10.4 Fewer (or equal) tracks than reports.= The sanme process as

3.4.6,4.1
3.4.6,4.10.3 shall be performed except that the roles of tracks and reports
shall be reversed.

3.4.6.4.11 Computation of the quality score.~ The quality score shall occupy
the five most significant digits of an eight-digit (octal) number. The three
least significant digits are defined in 3.4.6.4.12. The rules for computing the
quality score for a target and track are defined below.

Digit A Decision ltea . Value
7 Code agreement and zone
(most significant) Let: code mean 8C4 4 € ACpay
and code mean Acij > Acnax
code and zone 1 0
code and zone 2 1
code and zoune 1 2
code and zone 2 3
code and zone 3 4
6 Number of replies in report
3 or more . 0
2 of the same mode 0
2 of different mode 1
1 reply 2
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Digit Decision Item

S Code agreement
Let: code and code be as in digit 7
Let: ahc = the report has all code bits
high confidence

ahc = at least one low confidence code
bit
code and Acij < Acmax and ahe

code and 48Cy; < 4C,.x and ahe, but at
least one bit high confidence

fepott code unknown

report code has all bits low
confidence :

code and Acij = Acma¥

code and ahc and track code transition
counter is not equal to zero

code and ahc and track code transition
counter is not equal to 2zero

code and ahc and track code transition
counter is equal to zero

code and ahe and track code transition
counter is equal to zero

4 Altitude agreement
Ahij < 500 feet

Ahij = 600 feet

8hyq = 700 feet
Bhyq = 800 feet
8hyy = 900 feet
8hyy = 1000 feet

otherwise

Value
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Digit

2,1,0

3.4.6

Decision ltem Value
Track

Let: e = mature track (See 3.4.6.6.8)

‘e = not mature
e and track range > Ryyp 0
e and track range € Ryip 1
© and track range > Ry, 2
‘e and track range < Rpin - 3

Deviation score, D, as defined in 3.4.6.4.12.
Note that the devistion score bits shall only
be calculated when required as specified in
304‘6.‘08' 3-406¢ao9, or 304.6.‘.100

.4.12 Computation of the deviation score, D.~ The deviation score shall

be calculated and combined with the quality score vhen required, as specified
in 30“06.‘.8, -09, or =-.10.

3.6'6

Note: The purpose of the deviation score is to break quality score ties,
such as those which occur if ¢two aircraft without encoding altimeters
both report a code of 1200. The deviation score takes into account
geometric differences between track and report positions and the fact
that changes 1in aircraft speed from scan . to .scan are unlikely, most
changes in aircraft velocity being caused by turms.

bol2.1 Definitions.-

P smooth radial welocity of a track in Ru per scan

8 gmooth azimuth wvelocity of a track in Au per scan

Ppred . track prediction in range for this scan
epr.d track prediction in azimuth for this scan
(target report range - p rcd)

a8 . (target report azimuth = Ps red
@ turn magnitude, radians (3.4.6.4.12.3)
a 1l - cosw
’ w
b 1l = sinw

w
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difference in positions of target report and track
prediction expressed as a vector wizh components
d, and dg

radial component of d -

tangential coamponent of 4

a vectnr in the direction of the turiing
locus having cross-track and alang-track

> >

components t. and -ty

penalty factor for absolute distance between

target and track
penalty factor rating the direction % the target/tracx

deviation
3-sigma range measurement erruf paraeter (3.6.5.4.12.3)

. 3-sigma azimuth measurement errof paragetar

(3.4.6.4.12.3)
the deviation score

3.4.6,4.12.2 Computation.~

(a)

Ppred in Ragion 1 or Rezion 2 (3.4.6.1046402):
->
} P dg = pAS = ,/213
-> - >
t-tc.-tl
he L]
te = (feps Teo) Tep = "3P85500ch * n/213
tes * 3Pgmgoth
t; = (&1, T18) T1P ® DPgogezh
tig = YP8gog0cn * n/243
D'flez
where: lap | + lpas!
fl.—-—— —————

UD DUB
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Cperp constrained to: O.5<f2<2.0

1B )

vhere: Co,. =|d . ¢t}
-+

fz-

Coarp™ (1412 = 22172

pe

The deviation score, D, shall be quantized to 25ths and added to the quality
score when required (3.4.6.4.8, =.9 and ~-.10).

(b) Ppred in Region 3 (3.4.6.10.4.2):

;-cq.g> dp = bx

dy = Ay

t=¢t 'tl

te = (texr tey)

tc,-u

Cex

£ty = (E1p tyy)
th-bl

tly.b’
D-flez
vhare: laxl  layl

£, — + —

S %

Cperp
s .

ar "ld o tl

fz.

where: Cp

.

- 2 _ a2 1/2
Cperp™ (1412 = 24001/
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Bere too, the deviation score, D, shall be quantized to 25ths and added to the
quality score when required.

3,4.6.4,12.3 Parameters.~

w = 0.05 (0.025 - 0.075, 0.005) radians/second * T scan
ap-3(2-6,1)ku
g =7 (5 =10, 2) Au

3.4.6.4.13 One-hit report rejection.- Reports not correlating to an existing

track shall be rejected Lf they were generated from only one reply.

3.4.6.4,14 ATCRBS 4096 code validation.- When a target report is correlated
with an existing track, its 4096 code may or may not match the code in the
track file. If the codes do not agree the match was based on the geometric
quantities range, azimuth, and altitude. The following cases shall be
recognized and the target report code modified as indicated prior to
surveillance data dissemination:

(a) The target report has all high confidence bits and they match all of
the high confidence bits in the track file code. Send the report unchanged.

(b) The target report has some low confidence bits, but all high
confidence bits match the high confidence bits in the track file code.
Replace the report code by the track code.

(¢) The target report has some high confidence bits in its code that do
not wmatch the high confidence bits in the track file code. Send the report
unchanged, but set the code-in-transitioun bit.

3.4.6.4.15 ATCRBS Mode C altitude code validation.- Whem a targel report is
correlated with an existing track, its mode C altitude code may or may not be
represented in flight levels via the decoding action in 3.4.6.3.4(c). In
either case, this code may or may not match the code in the track file. The
following cases shall be recognized and the target report fields modified as
indicated prior to surveillance data disseaination:

(a) The target report altitude has been decoded and the report and track
altitudes satisfy: Ahij ¢ ah,,, (calculation in 3.4.6.,4,4.1). Send

the report unchanged.

(b) The target report altitude has been decoded and the report and track
altitudes disagree: 4hg. > Ahp g Convert the report altitude field
back to the original piz“values, set the altitude confidence field to
all bits low confidence, and change the type setting to “1l", garbled
flight level.
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(¢) The following conditions apply:

(1) the target report altitude is not decoded as it is type "1°,
garbled £flight level

(11) <the track altitude is type "0, presently decoded in flight
levels

(111) 1if the target altitude was decoded as in 3.4.6.3.4(c), assuming
all bits were high confidence, and compared to the track's
altitude,

|target altitude = track altitude|
Ahij L < 4Ah
]
would be found to apply, where S is defined in 3.4.6.4.4.1 and

conv

Convert the report altitude field into flight level {form, set the
altitude coufidence field to all bits high confidencs, and change the
type satting to “0°.

(d) Conditions (1) and (11) of-(c) apply, bu: &by 4 > Aheonv’ Send the
report unchanged. :

(e) All other cases, send the report unchanged.

3.4.6.4.16 False=to-real track conversion. .

3.4.6,4.16.]1 Definition of track types.-

a. Possibly False - Type l: A track is defined as possibly false type 1l
if the report stream corresponding to the track (imcluding the two
uncorrelated reports used o initiate it) consists only of reports
labeled possibly false in accordance with 3.4 6.13.4

b. Possibly False - Type 2: A track is defined as possibly False=Type 2
if the report stream corresponding to the track consists of one report
labeled false and all the rest are labeled possibly false.

c. Palse Track: A track is defined as false if’ :hi Teport stream
corresponding to the track consists of two or more reports lahcled false
and all the rest are labeled possibly false.

d. Real Track: A track 1is defined as real 1if the report stream
corresponding to the track consists of any real reports.
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3.4.6.4.16.2 Report and Track Flagging.~ The  zone test specified 1in
3.4.6.13.4 shall be performed for all target reports that correlate to false
or possibly false tracks. If the zone test indicates that the report is real,
the track and report shall be flagged as real. If the zone test considers the
report to be false, then the image test specified in 3.4.6413.5.1 shall be
performed. If the image test indicates that the target report is real, then
the report and track shall be flagged as real. If the image test indicates
that the report is false, and the track is false or possibly false ctype 2,
then the report and track shall be flagged as false. If the image test
indicates that the report is false, and the track is possibly false Type 1,

then the report shall be flagged as real and the track converted to possibly
false type II. If the image test indicates that the report is possibly false,
then the report shall be flagged false if the track is false, or real 1if the
track is possibly false, and the track type left unchanged.

3,4.6.4.17 Correlation confidence bit.- Whenever a target report correlated

Wwith a track and it fell within the track's zone one, the correlation
confidence bit shall be set in the target report for data dissemination.

3.4.,6.5 ATCRBS track initistion.

3.4.6.5.1 Purpose.~ The purpose of ATCRBS track initiation is to initiate
ATCRBS tracks using uncorrelated reports received from ATCRBS target—to-track

correlation (3.4.6.4).

3.4.6.5.2 Inputs.~ The inputs shall be target reports provided by ATCRSS
target-to-track correlation which did not correlate with existing tracks, plus
the uncorrelated ATCRBS reports saved from the previocus scan.

The relevant target report items used are: '

(a) Range

(b) Azimuth

(c) ATCRBS 4096 code word

(d) ATICRBS mode C altitude word

(e) 4096 code confidence word

(£) Mode C altitude confidence word
(g) Altitude type setting '

3.4.6.5.3 Outputs.~ The output shall be newly initiated ATCRBS tracks based
on two consecutive~scan target reports. The track shall be entered in the
surveillance file (3.4.6.2), and the correlating report shall be output to
ATCRBS track update (3.4.6.6).

The newly initiated track fields shall contain the following informationm:

(a) Range prediction - raﬁge of report from previous scan
(b) Azimurh prediction = azimuth of report from previous scan
(¢) Range rate =0
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(d) Azimuth rate =0
(e¢) Last measured range = range of report from previous scan
(f) Last measured azimuth = azimuth of report from previous scan
(£) Track firmness =3
(h) Track history firmmess = 0
(1) ATCRBS 4096 code and confidence fields from previous scan report
(3) Mode C altitude and confidence and altitude type from
previous scan report

3.4.6.5.4 Rules of operation.- Uncorrelated ATCRBS reports from the previous
scan shall be used as transient tracks to provide the first seven surveillance
file inputs to 3.4.6.4.2.2. The following values shall be used for zone
boundaries for all transient tracks.

. beilmax = A0J2max ® 16 x T scan, Ru

4033max = 128 x T scan, Ru

16 * T scan 213
88 3lpax = 88 $2gax = * Au
) Ppredicted . T

128 * T scan 213

Aejaw = X e AU,

° predicted s

tncorrelated ATCRBS reports from this scan shall be used to provide the target
report inputs to 3.4.6.4.2.1.

The ATCRBS target-to-track correlation shall then compute the association
functions listed below:

Ahij 3.4.6.4.4.1
ACij . 304:60‘.4
Zone of 1, § 3.4.6,4.6.1

3.4.6.5.4.1 Track initiation associations.- A potential new track will exist
whenever any type of association lisced below is identified:

(a) Type I
Zone 1
8014 € 1/2 2 hgax

(b) Type II - not satisfying Type I and
Zone 1

Ahij < S hpax
ACij S.Acmax
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(¢) Type III - not satisfying Types I or II and
Zone 3
Byy < 1/2 Bhgsx
4C13y < 4Cmax

All associations of the lowest type for each target report shall be used to
start new tracks, but no associations of a type greater than the minimum for
each target report shall be used to start a new track.

3.4.6.5.4.2 Linked track sets.- Two or more newly initiated tracks that share
a common target report or transient track shall be linked together according
to the following rules:

(a) any target report initiating two or wmore tracks shall 1link these
tracks into a common set; these tracks shall not be used in (b) below

(b) any transient track imitiating twoc or more tracks shall 1link these
tracks into a common set.

3.4.6.5.4.3 False track tests.- When a new track is infitiated, the transient
track and the report’ shall be given the false target zone and image tests
(3.4.6.13). The following actions shall be taken based on the results of these
tests:

(a) 1f eithef or both are found to be real, then both the new track and
the report shall be declared real.

(b) 1If both are found to be possibly false, then the new track shall be
declared possibly false Type I and the report shall be declared real.

(¢) 1f one is found to be possibly false, and the other found to be false,
then the new track shall be declared possibly false Type II, and the
report shall be declared real. ’

(d) 1f both are found to be false, then both the new track and the report
shall be declared false.

3.6.6.5.4.4 Discrete code actions.- If the newly established ¢track has a
discrete 4096 code, the following action shall be taken:

(a) If no other track exists with that discrete code, the new track shall
be added to the unique track file (3.4.6.4.5.1).

(b) If a track with the same discrete code exists in the unique track
file, both that track and the newly established one shall be placed in
the general track file.
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(¢) If two or more tracks already exist with the same discrete code, the
new track shall be entered into the general track file.

3.4.6.5.6 5 Uncorrelated report file.- The uncorrelated reports from this
scan shall be saved in the last scan uncorrelated file, and all uncorrelated
reports (the uncorrelated transient tracks) from the previous scan shall be

purged.

If the third option of early dissemination of uncorrelated beacon reports is
selected (3.4.6.14.1.3c), then the ATCRBS Track Initiation function shall
suitably indicate for dissemination the second report of the association pair
forming the track initiation.

4.6, 5 4 [ 0 ack e IN's).- Track numbers (SFN's)
shall be assigned initially in sequence from 1 to the largest mumber
available. Thereafter, mumbers assigned shall be those of previously dropped
tracks - with the least recently used number assigned first.

3.4.6.6 ATCRBS track wpdate.

3.4.6.6.1 Pupose.- The purpose is to update ATCRBS tracks using correlated
beacon or radar target reports.
3.4.6.6,2 Inputs.- The inputs shall be correlated beacon or radar target.

reports plus the track data provided by the surveillance file.
The relevant items needed by ATCRBS track update are:

(a) Measured range.
(b) Measured azimuth.
(¢) Correlating track mmber.

and for a beacon report:

(d) ATCRBS 4096 cods.

(e) ATCRBS 4096 code confidence word.

(f) ATCRBS mode C altituds.

(g) ATCRBS mode C altituds confidence word.
(h) ATCRBS altitude type setting.

2.6.6,6.3 Qutputs.- The output shall be an updated ATCRBS track.
3.4.6.6,4 Rules of operation.- ATCRBS tracks reporting mode C altitude, and

for which all altitude bits in the track file are high confidence, shall have
their positions updated the same way as Mode S tracks (3.4.6.10.4) except that
the calculations in 3.4.6.10,4.3 shall not be_performed, Appay and A8
shall be set equal to Apdy,, and A6, calculated in 3.4.6.4.6°1F
and the special rules described in 3.4.6.6.4.1, 3.4.6.6.4.2, and 3.4.6.6.4.3
shall be followed.
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of an extended-length-message (ELM) interface for transfering to aund reading
from an ELM interface test circuit the message contents ©of Mode S
extended-length uplink (Comm-C) and downlink (Comm-D) transmissions,
respectively. The CPME shall transmit altitude reports from an internally
simulated pressure-altitude enmcoder (digitizer).

The CPME shall not include interfaces for connnection to external SM, ELM, or
altitude encoding devices. Built-in interface test capability shall be
provided whose performance shall appear to the sensor to be functionally
equivalent to that of ordinary Mode S transponder interfaces. However,
identifiable interface hardware of the type required for operational Mode S
transponders is not required.

80.3.3 Mode S CPME technical characteristics.

80.3.3.1 Reply couditions.

80.3.3.1.1 ATCRBS reply condition.- The CPME shall reply to standard military
Mode 2, ATCRBS Mode 3/A, and Mode C interrogations under . the conditions
prescribed in FAA Order 1010.51A, except during recovery following a Mode §
reply. The CPME shall not reply to ATCRBS interrogations under the conditions
srescribed in FAA Order 1010.51A for no reply.

0.3.3.1.2 ATCRBS/Mode S All-Call reply conditions.- The CPME shall reply to an
ATCRBS/Mode S All-Call (Mode A or Mode C) interrogation, or an ATCRBS-only
All-Call interrogation as specified in the Mode S National Standard, .except
during recovery following a Mode S or ATCRBS reply, or wvhen the conditions of
80.3.3.1.7 specify otherwise. The CPME shall not veply (with aeither an
All-Call, an ATCRBS, or Mode S reply) in response to an ATCRBS/Mode S All-Call
interrogation when the interrogation contains a P2 pulse which satisfies the
requirements for ATCRBS suppression. The CPME shall not produce a Mode §
All-Call reply in response to a CW transmission or a single pulse of long
duration whose received amplitude variations do not approximate an All-Call
interrogation. The CPME shall not produce a Mode S All=-Call reply in response
to a Pl-P3 pair alone. In order to elicit an All-Call reply, the P1-P3
transmission shall be followed by a distinct P4 pulse, as specified in the
Mode S National Standard.

80.3.3.1.3 Mode S reply conditions.~ The CPME shall reply (with probability
specified Dbelow) to valid Mode S 1interrogations (Mode S-only All-Call,
Surveillance, Comm~A or Comm~C) as described in the Mode S National Standard,
which are correctly addressed and within specified limits of received signal
amplitude, except when the CPME is in a lockout condition or a8 recovery state
from a prior Mode S or ATCRBS reply. The CPME shall not reply to a Mode S
interrogation whenever any one or coambination of the following conditions
occur:

A2450/mab29/621/09

#
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"Continuously correlating tracks" shall be defined as those:
(1) Which correlated on both the previous two scans.

(2) Whose last correlating target report fell within the Zone 1
association zone (3.4.6.4.6.1) of the track. )

The following action shall be taken upon encountering a continuously
correlating track whose current report falls outside of the Zone 1 association
box:

(1) The track shall be smoothed in the offending coordinate(s) only
to the limit of the Zone 1 box.

(2) An entry shall be made in the turning state field of the
survelllance file for each coordinate (pand/orf). The
entry(s) shall indicate the direction (positive or negative) of
the target deviation.

(3) If the correlating target report again falls outside of the Zone
1 association box, and in the same direction as during the last
scan, full smoothing shall be applied.

(4) Full smoothing shall continue to be applied as long as the
reports fall outside of the box in the same direction.

(5) 1f the correlating target report falls outside of the Zone 1
assoclation box in the opposite direction as during the last
scan, rules 1 and 2 shall be followed.

(6) Once a report again falls within the track's Zome 1 box, the
smoothing rules shall be terminated and normal tracking rules
resumed.

4.4.6.6.4,3 Improving boresight azimuth estimate.- For correlating target
Teports not containing a monopulse azimuth, i.e., those whose boresight bit is
set in the ATCRBS Target Report Data Block of figure 3.4.5-7, report azimuth
shall be modified to @' measured before smoothing (3.4.6.10.4.1) as follows:

2.4.6.6,5 Mode C altitude ypdate.- Once each scan the altitude and altitude
confidence fields of the surveillance file shall be updated as shown in Table
3.4.6-5. The altitude type setting shall then be set to the proper value as
shown in Table 3.4.6-2. ) .

If a track correlates with a target report on the current scan, and if the
altitude of the report is acceptable (as defined below), the track altitude
fields shall be updated by the report altitude information. However, if neither
condition is satisfied, the track altitude shall be "coasted". To prevent the
information from becoming too old to be of any value, a two-phase timeout
procedure shall be utilized.
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TABLE 3.4,.6-5

ALTITUDE UPDATE CASES

Report | (1) (2) (3) (4) ()
---~,‘--~}No Garbled  Clear Garbled Clear
Track %;eplies brackets brackets level level

No 1 ] N | |
(1) replies | R | U v | v | v .|
Garbled I ] ] | |
. (2) brackets I v | 1 | R | U | v |
Clear ] I | ] | |
(3) brackets | vu | L R v v |
Garbled ] ) 1 |
(4) level l_u | v U | U | R |
Clear [ ] I | |
(5) level | v U U U | _® |
“Had been" 1 | |
(6) no_replies R D | D ] D D |
“Had been” I ] |
(7) brackees | D D R D | o |
“Bad been” | . ] ‘ |
. (8) garbled level D | o D [ D R___|
“Had been” I I o
(9) clear level | D | D | D ! D | R |

Altitude update actions:

if Ahij € 1/2 Ah..x, replace track altitude and confidence
. with report altitude and confidence,
R - and zero counter.
if Ahij > 172 Ah-‘,. proceed as under U (or D).

U - increnent counter; if reach parasetric value, set track to
“had been” category.

D - decrenent counter; if reach O, replace track altitude with
report altitude.

1 - dmprove track altitude and confidence by union of high
confidence bits.

L - set counter to gzero, leave track altitude as is.
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An altitude counter, corresponding to each system track, shall be zeroed every
time the altitude fields are successfully updated by a new Teport. If no update
is possible, the counter shall be incremented. When its value reaches a
parametric number of scans (nominally 3), the altitude confidence field of the
track shall be set to indicate all altitude bits low confidence and the
altitude type setting of the track shall be set so that the track becomes a
member of the proper "had been X" classification. This setting maintains the
most recent altitude information known for the track 8o that potential
assocliations may be scored properly. No association shall be rejected for 3
track in this state.

If altitude update failures continue after this point, the altitude counter
shall be decremented one unit per scan. When the count reaches zerc, the track
altitude information shall be defined to be useless. Thus, the next ctime the
track corelates, the altitude, altitude coanfidence, and type setting fields of
the report shall be automatically placed in the track file and the entire
sequence begun again. ’

Entries in Table 3.4.6=5 labelled unacceptable (“U” or D) signify that the
altitude counter shall progress in the manner described above.. Those labelled
replacement ("R") mean that the target report altitude fields . shall replace
those currently in the track file, and the altitude counter shall be zeroced.
Finally, 4if both the target and track are garbled bracksts (Table 3.4.6-5,
Item 2), the track altitude confidence field shall be improved by setting to
high confidence all currently low confidence bits that ars high counfidence in
the report. Note that this improvement rule shall not be employed if both the
track and report are garbled flight level. (To do so could result in a flight
level being produced very different from that at which the aircraft asctually
resides.) .

3.4.6.6.6 4096 code update.- The following code update action shall be taken
depending upon confidence bit determination:

(a) All high confidence bits (if any) of the 4096 code of the correlating
report agree with the track code:

¢ Update track code to include the union of all high confidence bits;
update code confidence word accordingly;

® Set code-in-transition confidence word to all bits low confidence;
® Set code-in-transition counter to zero;

(®) Some high confidence bits of the 4096 code of the correlating report
do not agree with the track code:
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(1) All high confidence bits of the 4096 code of the correlating report
agree with high confidence bits (L¢f any) of the track
code=in-transition code:

¢ Update transition code to include the union of all high confidence
bits; determine corresponding code-in-tramsition confidence word;

® Increment code-in-transition counter by one; when counter reaches a
value of 3(1-5,1), replace track code and code confidence by the

transition code and transition code confidence words and set
code~in-transition counter to zero.

(2) Some high confidenmce bits of 4096 code of the correlating report do
not agree with the track transitiom code:

® Replace old transition code and old tramsition code confidence
words with report code and report code confidence words;

® Set code~in-transition counter to one.

3.4.6.6.7 Discrete code update.

3.4.,6.7.7.1 New discrete code track.- If, as the result of the code update in
3.4.6.6.6, & track becomes a discrete code track, it shall be treated as
specified under track initistion (3.4.6.5.4.4).

3.4.6.6.7.2 End of discrete code track.- If a discrete code track 1is dropped
10 3+4+6e10+4e1 OF 3.4obe.6e4el , or 1if a discrete track becomes a nondiscrete
track due to code update in 3.4.6.6.56, the following action shall be taken.

(l) 1If the tan is in the uniqu. code file (30“060‘.501)’ it shall be
removed.

(b) 1f only one other track has the same discrete code, this track shall be
entered into the unique code file and removed from the general file.

(¢) If two or more other tracks have the same discrete code, 0o action
shall be taken with regard to their location.

3.4.6.6.8 Mature tracks.- A track shall be considered mature when the total
‘number of reports received is greater than or equal to K in Table 3.4.6-6.

3.4.6.7 ATCRBS fruit rejection.

3.4.6.7.1 Purpose.~ The purpose is to reject potential fruit target reports if
they do not correlate with a radar report.
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3.4.6.7.2 Inputs.- The inputs shall be non-radar reinforced ATCRBS target
reports satisfying condition (a) and one of conditioms (b), (c), (d), and (e):

(a) The target did not correlate with a track,

(b) The report was generated by ATCRBS reply processing on the basis of two
replies, onevof mode A and one of mode C,

(c) The report was generated by ATCRBS reply processing oo the basis of
mode C only ({.e., no mode A),

(d) The report was one of a pair of possible code swap reports as indicated
by the code swap field of the ATCRBS Target Report Data Block
(Fige 3.4.5-6),

(e) The report occurred without a monopulse azimuth estimate ({.e., BF(k) =
1) as indicated by the boresight field of the ATCRBS Target Report Data
Block (..e 3.40506_07 and figo 3.‘-5‘6)0

3.4.6,7.3 Outputs.- Certain target reports shall be deleted as specified in
Sabobe /e,

3.4.6.7.4 Rules of operation.- Target reports described in 3.4.6.7.2 shall be
deleted if they do not correlate with a radar report.

3.4.6.8 Mode S position measurement selection. ‘ .

3.4.6.8.1 Purpose.- The purpose of this function 1s to select one Mode S
reply per Mode S aircraft per scan to be used in the other operations of the
survelllance processing.

3.4.6.8.2 1Inputs.- The inputs shall be Mode S All=-Call and roll-call replies
provided by Mode S preprocessing (3.4.6.3.5).

The relevant items for each All-Call reply shall be:

(a) Mode S ID.

(b) Off-boresight azimuth.

(c¢) Target azimuth.

(d) Range estinmate.

(e) Time-of-day of All-Call reply.

Roll-call replies are made available to surveillance procesging by channel
management, as specified in 3.4.1.4. Specifically, as each group of targets
leaves the antenna beam, channel management outputs a released target list.
This 1list contains an entry for each target now ready for surveillance
processing and data-link processing. The structure of this list is specified
in 3.4.1.4.5.1., Each entry in the released target list is a target transaction
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block, consisting of a header _(calied the target record) and a set of
transaction records. The target record contains the following information

relevant to survelllance processing:

(a) The Mode S address.

(b) A range completion indicator.
(¢) An azimuth completion 1ndica:or.
(d) The range delay.

The range completion indicator will be set if at least one reply was accepted
by the Mode S reply processor and channel management. The corresponding reply
will make possible a rauge measurement. The azimuth indicatoer will be set {f
at least one reply contained an acceptable azimuth determinatiomn, according to
criteria imposed by the Mode S reply processor and channel management. Range
delay will be used by surveillance processing 1in the computation of target
range (3.4.6.3).

The transaction block is structured to permit succesgsive access to the
transaction records from the target record. The transaction racord of each
transaction for which one or more replies was received will contain a reply
pointer to this reply (or replies). This pointer will indicate the lacation of
an 1nage3of the reply (or replies) in the reply storage area, as specified in
3.4.1.6.3.

The relevant information contained in each reply is:

(a) Failure indication (F). This is s two=-bit field, specified 1in
3.4.4.8.2 (fig. 3.4.4-12), {ndicating reply quality (valid reply, no
reply decoded, no reply rtccivtd, no nonopulse estimate included).

(b) Target range.

(¢) Off-boresight azimuth.

(d) Target azimuth.

(e) AI bit.

(f) Altitude/Identity field.

(g) Time=-of=-day of reply.

Items (b), (c), and (d) above, are the results of computations performed by
surveillance processing, as specified ia 3.4.6.3.5.

3.4.6.8.3 Outputs.- The outputs .shall be a single position measurement per
target, consisting of two-way range, azimuth, and altitude (if available).

3.4.6.8.4 Rules of operation.

3.4.6.8.4.1 Case one.- Case one i{s when one or more roll-call replies were
received for a normal Mode S track and accepted as main beam replies, according
to the rules specified in 3.4.6.3.5. Let the smallest value of range, contained
in the accepted replies, ba denoted by 5. The set of replies with range values
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not exceeding 0 + Ofpgy 8hall be selected. Afpgy 1s an adaptation parameter =
2(1-16,1)Ru. The position measurement shall be the range, azimuth and altitude
of the reply with the smallest of f~boresight angle, of the s r selected above.
The All-Call reports for this target, if any, shall be checked. First, the
range of these All-Call replies shall be compared to the range of the selected
roll-call reply. Those All-Call replies with range differences < 8(1-64,1) Ru
shall be retained, all others shall be discarded. Of the remaining All-Call
replies, the one with the shortest range shall be labelled a false target
filter reply, saved for one full scan, and used in the test for shortest range
All-Call reports specified in 3.4.6.8.4.2. The position report shall then be
placed in the reply/report=to-track correlated file.

The AI bit of the selected roll-call reply shall be checked. If Al = 0, the
non—zero altitude field of the selected reply shall be decoded and expressed in
units of 100 feet. 1f the altitude field equals zero, this indicates an absence
of mode C encoding for that target. If AT = 1, then the altitude field of the
first reply of the scan shall be retrieved. This shall be decoded and stored
with the selected reply.

3.4.6.8.4.2 Case two.~- Case two is when All-Call reports and no roll-call
replies are received and accepted as mainbeam replies (as specified in
3.4.6.3.5) with an ID corresponding to a Mode S track already in file. These
reports shall be compared in range with the false target filter reply
(3.4.6.8.4.1), if any. 1f the false target filter reply has the shortest
range, the report with which it was compared shall be discarded. If the false
target filter reply does not have the shortest range, or if there is no false
target filter reply, then the All-Call report with the shortest range shall be
used in the following tests:

{(a) The report shall be used in a reasonableness check of report-to-track
position correlation. The report shall be entered into the
reply-to-track correlation file if:

| Lzange | < RDSy 210 (29 - 211 29) Ry

223 222 524 522
A 8 moe (coe - e ——— *
| P8azimueh | < RDS; . 164 i } Ru * Au
where Arange 18 the report-to-track range difference, Azzigyth 18 the
report~to-track azimuth difference and p is the track range. If the
above conditions are not met, the next test shall be performed.

(b) 1If the reasonableness check has failed, the report shall be used to
perform the zone test specified in 3.4.6.13.4. If the report lies in a
false target zone, then the image test specified in 3.4.6.13.5.2 shall
be performed. If this test indicates that the report and track are
images, then the report shall be discarded.

A2450/bcl/614/02-24
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(c) 1f the report does not 1ie in a false target zome, then the zomne
trest shall be performed o= the track. If the track lies in a
false target zone, then the image test specified in 3.4.6.13.5.2
shall be performed with the coles of raport and track reversed.
If this test indicates that the repor: and track are images,
then the track shall be droppad snd :the report processed as in
3.4.6.8.4.3. Otherwise cthe raport shall be placed in the
uncorrelated All-Call report Ille.

3.4.6.8.4.3 Case thrze.- Case three s when All-Call reports have been

received and accepted as correjaced replies with at least one Teport
containing ID (as specified in 3.4.6.3.5) and rhere is no existing
track with the same ID. If woase or mote reports with ID and
of f-boresight azimuth are present, the All-Call report with the
shortest range shall be selected and placed 4in the uncorrelated
All-Call report file.

I1f no report conmtains both ID and off-boresight azimuth then the
correlated set of replies shall be discarded.

3.4.6.8.4.4 Case four.- Case four is when All-Call reports have been

Teceived and accepted as correlated replies, but none of the report
contains an ID. In this case:

(a) The All=-Call report with the shortest range shall be selected
from the reports that contain range and of f-boresight azimuth.

(b) If no reports contain off-boresight azimuth, then the average
of the boresight azimuths shall be calculated and inserted inmto
the report with the shortest range. This shall be the selected
Teport.

Reports selected in (a) or (b) above shall be used to initiate an
acquisition track as specified in 3.4.6.9.4.3.

3.4.5.8.4.5 Cagse five.- Case five 1s wnen a roll-call reply was

Teceived from an acquisition Mode S track and accepted as & main beam
reply, according to the rules specified in 3.4.6.3.5. 1f the ID of the
acquisition roll-call reply corresponds to the ID of Mode S track
already in the £ile, the acquisizion

This space intentionallr unused.
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roll-call reply shall be discarded. Otherwise this reply shall be used by
Mode S track initiation (3.4.6.9) to initiate a new Mode S track.

3.4.6.86.6 Serting of all-call flag.- If any All-Call replies are present,
whether or not selected for output, the All-Call flag for this target in the
surveillance file shall be set to ome. Otherwise, the All-Call flag shall be
set to zero.

2.4.6.9 Mode S track initiation. .

3.4.6.9.1 Purpose.- The purpose is to initiate Mode S tracks using All-Call
target reports that did not correlate with any existing tracks and to
eliminate those tracks that originated from false target reports. Mode S

tracks are also initiated from acquisition roll-call replies and track data
messages. '

3.6.6,9.2 Inputs.- The inputs shall be All-Call target reports, acquisition
roll-call replies (as provided by Mode S position measurement selection), and
track data messages.

3.6,6.9.3 OQutputs.- The output shall be tracks whose fields are set as
follows:

(a) The predicted range, Ppr ,» is set to the range of report from the
previous scan, except if early track initiation is chosen, the pre-
dicted range is set to the range of the report from the current scan.

(b) The predicted azimuth, 6 red:r 1s set to the azimuth of report from the
previous scan, except ifp early track initiation is chosen, the predicted
azimuth is set to the azimuth of the report from the current scan.

(¢) The predicted range rate, ;’pred' is set to 0,

(d) The predicted azimuth rate, gpred' is set to O,

(e) Track firmmess = 3.

(£) Track history firmmess = 0.

(8) Acquisition track flag = 0 for tracks with Mode S ID

= 1 for tracks without Mode S ID.

(h) Data link capability: :
CA = value from all-call report
ECA = al]l zeroes.

(1) bL=0

(j) Target control status UC = U,

(k) New EIM Flag = 0.

(1) Al=l

(m) New roll-call target flag = 0.

(n) Flight ID = all zeroes.

3,6,6.9.4 Rules of operation.

3.4.6.9.4,1 Assignment of track pumbers (SFN's).- Track mumbers, usually
- referred to as surveillance file mmbers (SFN's), shall be assigned initially
in sequence from 1 to the largest mmber available. Thereafter, mumbers
assigned shall be those of previously dropped tracks, with the least recently
used mmber assigned first.
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3.4.,6.9.4.2 Reports with Mode S ID.- Under gite adaptation control {t ghall
be posgible to cause Mode S track initiation to occur based on the receipt of
(1) two matching, uncorrelated All-Call target reports (normal mode) or
(2) one uncorrelated All-Call target Teport (early mode).

(2) 1f normal Mode S track initiation is selected, uncorrelated Ali-Call
target reports shall be maintained for one full scan in the
uncorrelated target reports file (last scan). When a new target report
is received, the file shall be searched for reports that arrived
during the last scan with the same Mode S ID. The range and azimuth of
the nev report shall be compared in a reasonableness check as
follows:

[Poew = Po1dl < 40 = 27 (26-28, 26) « Tecan» Ru

220 (219 221 519 ]

e - e [ -aener & oounms L

P01d*|°nev = %014l <der - { . 7 " "7 (" Tscan, Ru.Au.
The new report shall be associated with an old report for which both
parts of the reasonableness check were satisfied. If the new target
report fails to pass the reasonsbleness check with agy of the old
reports, it shall be maintained as an uncorrelated reply. If an old
Teport was not associated with a new report, the old report shall be
dropped from the file. ’

There ‘can exist more than onme pair of target reports (ome pair with
rteal reports, other pair(s) with false reports) with the same Mode S
ID. This i{s s0 because reflection mechanisms can give rise to false
All-Call target reports. The reasonableness check is designed to
mininize the possibility that a false target report is associated with
8 real target report. If there are two or more pairings, the one with
the shortest range shall be kept and the other ones dropped.

(b) If early track initiation is selected, Mode S track initistion shall
be performed for each uncorrelated All-Call target report.

The following steps shall be performed for target reports selected by either
normal or early track initiation processing: ’

A check shall be made of correlated All-Call Teports to determine if s track
alresdy exists with the same Mode S address. If not then a track shall be
started with track firmness equal to 3 and track history firmmess equal to 0.
This shall be done by entering the information required in 3.4.6.9.3 above
into the surveillance fils.

Smoothing and prediction of p, p, 6, ¢ and the calculation of esrliest likely
range and azimuth shall be carried out routinely along with all other tracks
by Mode S track update 3.4.6.10. The All-Call report basic data-link
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capabllity field CA (see Mode S National Standard) of the second All-Call
report used in initiating & new track shall be entered inte the surveillance
£ile for that track. Por tracks initiated on external data the value of CA
from the track data message shall be entered. In both cases, the value of
extended capability ECA shall be initialized to all zeroces.

1f a track of the same ID already exists, then a newv entry shall be created in
a separate table, called the Duplicate Address Alert Table (DAAT). This table
shall contain the following fields for each eatry:

Mode S 1D (26 bits)
Active Controcl Flag (ACF) (1 bit)
Alrcraft 1 (track)
Range : (16 bits)
Azimuth (14 bics)
Counter (CTR,) (4 dits)
Adreraft 2 (reply) .
Range (16 bits)
Azimuth (14 bits)
Counter (CTRj) (4 bics)

with both CTR; and CTR; initialized to zero. The track with this Mode s
address shall be dropped from the surveillance file. °

If the third option of early dissemination of uncorrslated beacon reports is
selacted (3.4.6.14.1), then the Mode S track initiatiom fumction shall
suitably indicate for disseminstion that the (1) second report of the
association pair forming the track  initistion if mnormal Mode S track
iniciation is used, or (2) that the uncorrslated All-~Call report csusing the
track initiation if early Mode $ track initiation is used.

3.4.6.9.4.3 Raports without Mode S ID.- All-Call target reports without
s be usad to form acquisition tracks by
entaring the informatiocm specified in 3.4.6.9.3 in the surveillance fils.

The calculation of earliest 1likaly azimuth shall be carried out routinely
along with other tracks by Mode S trsck update (3.4.6.10) using a duplicate
copy of the All-Call report to update the initiated track.

Acquisition tracks shall be used by chaonal management to schedule stochastic
Mode $—Only All=Calls to obtain Mode S ID in the presence of All-Call
synchrooous garbling. Acquisition trscks shall be dropped after ome scan
since continued garbling will result i{n the initiation of a fresh acquisition
track.
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3.4.6.9.4.4 Acquisition roll=call replies.- A Mode S track shall be initiated

for each acquisition toll=call reply not corresponding to an existing Mode S
track. 1Its predicted range and azimuth shall be that of the report. Other

fields shall be as specified im 3.4.6.9.3.

If# both All=Call reports and an acquisition roll-call vzeply satisfy the
conditions for initiating tracks with the same Mode S address in the same scan,
the track shall be initiated using the All=Call report and the acgquisitiorn
reply shall be discarded.

3,4.6.9.4.5 Track data message reports.~ A Mode S track shall be {nitiated
for each track dats message report not corresponding to an existing Mode S
track. The predicted range, azimuth, range rate and azimuth rate shall be those
of the report. Other fields shall be as specified im 3.4.6.9.3.

3.4.6.10 Mode S track update.

3.4.6.10.1 Purpose.- The purpose is to smooth and predict Mode § tracks using
Mode S or radar reports.

3,4,6.10.2 Inputs.- The inputs shall be Mode 5§ or radar target reports
correlating Wwith Mode S tracks and the Mode S track residing in the
surveillance file. The relevant items in a target report shall be:

"(a) Msasured range
(b) Measured azimuth
(c) Mode S ID of the corrslating track.

3.4.6.10.3 Outputs.~ The outputs shall be updated Mode S tracks.

3.4,6,10.4 Bules of operation.- The Mode S track update function shall have
tvo points of entry. One of these entry points shall be used when the track is
being updated with a Mode S target report, an external report in the zenith
cone buffer (if TRR = 1), or a correlating radar target report. The other
entry point shall be used when there is neither a Mode S mor a radar target
report with which to update the track (that is, there is a oull target report).
The operations immediately following this latter entry point constitute the
coasting mechanisa. Whether the track is updated or coasted, the equations
used to predict the track are the same.

3,4,6,10.4.1 Updating the track with a Mode § or radar target report.-Smoothed
position velocity s calculated using the following equations:

(range residual)

(azimuth residual)

€ = o
cd = @

measured ppredicted

measured 'predicted

(- = p
smooth measured
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Psmooth = Ppredicted +B*ep
8smooth = Imeasured

ésmooth - epredic:ed +Bx*eb

The measured values shall be cbtained from the target report this scan, and the
predicted values shall be obtained frem the track file. The latter represent
predicted values for the current scan.

The values of 5 used above shall depend on the magnitude of a quantity termed
"track firmmess", f. Track firmmess is muerically equal to the number of
scans since the last report. Values of 5 are related to track firmmess in
Table 3.4.6-6, except that when history firmness g = 0 (indicating a newly
initiated track), set 8 = 1.

TABLE 3.4.6-6. VALUES OF 8 VS TRACK FIRMNESS, f

Izrack Firmness 8
1 1
K 1/k
K 1K

K= 5 (3-16,1)

After the track is smoothed, a new value of track firmmess shall be determined.
The transition from one firmmess value to another shall depend on the present
value of track firmness and whether a valid target report was received or not
(i.e., what entry point was used for the program). The transition rules are
listed in Table 3.4.6-7. 1If a report was received, the value of track history
firmmess g (the value of f prior to the receipt of the previous report) shall be
set equal to the old firmmess value, prior to calculating a new value. If a
report is not received the value of g shall remain unchanged.

If a track did not have a correlating beacon or radar target report, the
smoothed position and velocity shall be made equal to the predicted position and
velocity. If the track is already in the last allowable firmmess, the track
shall be dropped. :

Normal tracks shall be dropped when a firmmess level of K is reached where K =
5(3-16,1). For a netted Mode S sensor, Mode S tracks that enter the zenith cone
(identified by TRR=l in the surveillance file record for that track, as
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4.6-7
New Value of £, New Value of £,
Qld Value of £ if Report Received if Report Not Received
1 £=1 fe2
K £-1 fak+l
K = 5(3-16,1) £al drop track

K, = 3(3-16,1)
specified in 3.4.8.2.2) shall be dropped when a firmmess level of Kz is reached
when K, = 3(3-16,1). For a non-netted sensor the track shall be dropped upon
entering the zenith cone.
Whenever a track is dropped, a notification shall be sent to the message routing
management function (3.4.8.12.5.3), for the purpose of generating a track drop
message.

If the z:fack is not at the last allowable firmmess, the next firmmness shall be
found using Table 3.4.6-7. '

3.46.6,10 4.2 Predicting a track.- Different track prediction rules apply in each
of three regions defined on the basis of aircraft range and altitude. The region
in which.a track lies shall be determined according to the following rules:
(Since p is stored as two-way range in Ru, a.ircraft altitude must be expressed
similarly in the following equations, f{.e., h = 2*1.627*h-hg; where hg = height
of the sensor anterma above sea level in Ru).

1f the track altituds is unknown, a pseudoaltitude h shall be used
h =91 Ru; if p meas > 182 Ru
h = 1/2p meas Ru; ifpmeas < 182 Ru
(a) A track isA in zegion 1 if:
p meas > 1052 Ru; and h 5pmea.s*«/272.
(b) A track is in regiop 2 if:
1052 Ru >p meas > 384 Ru; and h < pmeas*~/2/2
(c) A track is in regiop 3 if:
p meas < 384 Ru; or h >pmeas*\/273
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2.6.6.10,4,2.1 Predicting a track in region 1.- The track position and velocicy
shall be predicted according to the following equatioms:

Ppredicted ™ smooth * Psmoeth
Ppredicted = Psmooth
epredicted = 8emooth + € smooth

6 -8

predicted smooth

2.4.6,10.6.2,2 Predicting a track in region 2.- The prediction of position and
velocity shall be made according to the equations:

© : ' .
P= Psmooth * (Fspoorh *72°13)2

w . .
f= -2 * psmooth * Ssmooth/Psmooth

kel
(Note: For back-to-back antemna, k ¥ 1)

P predicted = P smooth * f;smooch * T +ap? * v2/2
p predicted = F.’smooth + c"? *T
8predicted = 8 smooth + esmo:h * T+ %3 * 72/2
épr:ed.:i.r.:t:e'd - ésuu:oof:h "‘%3 *r

3.64.6,104.2,3 Predicting a track in region 3.-

(a) When a track enters Region 3 its position and velocity shall first be
comverted from p-6 to x-y coordinates as follows:

X =P end sin @
y-Pgﬂ co'e
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. yeeoe .
y= -35*14213

gnd
‘where P,.4 = (p2 - h2)1/2
gnd

Values of x, ¥y, X, and y shall be kept in the surveillance file: x
and y in their own fields, i and } in the 5 and 8 fields.

(b) While in Region 3 track smoothing and track prediction shall ocecur in
x~y coordinates as follows:

Xgmooth ™ *meas ™ Pgnd * sin ®neas

Ysmooth ™ Ymeas ® Pgnd * €08 Cpegas

Xgmooth ® Xpred + 8 * Ex
Yswooth " ypttd.+ B *ey
vhere _
b..sm (p2 - p2yl/2
gnd = ( meas )

EX ® Xresidual * Xmeas ~ *pred
Y ® Yresidual ® Yoeas ~ Ypred

then

Xgmooth ¥ Xsmooth * T

Ysmooth + Ysmooth * T

Xpred

Tpred

Xpred * Xgmooth

Jpred * Ysmooth

P - + + p2y1/2
pred ptcd 72 )

epred - 213 * “0.1(‘pred » Ypred)
®
where T is calculated as in 3.4.6.10.4.2.4 and tan™! x, v is

defined to be the two argument arctangent whose argument is X+y
and that which returns a value in the interval 0 to 2w,
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(¢) When exiting Region 3, track velocity shall be converted back to 2, ¢
coordinates using prediction equations as follows:

Xpred * Xpred + Ypred * Ypred

opred =
°pted

Ypred * Xpred = Xpred * Ypred

2
P gndpred

Spred = * 213/x

3.4.6.10.4.2.4 Determination of T.- In region 3, let T be the time £from the
current track position to the next time the antenna will point at the track,
normalized to one scan period. Since the track may pass very close to the
sensor, there are several cases.

Let ° 4 = Xgmooth * Xsmooth * Ysmooth * Ysmooth
gn
ognd
Ssmooth = Ysmooth * Xsmooth ~ Xsmooth * Ysmooth 213
c2gnd "
Pgnd . .
A - and’ ™ _I.3. * aSmOOCh.
pgnd 2

Case 1. If 8., = 0O and A < 1/2 and o < 0, then T = 1/2
Case 2. If 8, = 0 and 1/2 K % L1, thenrt = 3/2
Case 3. If ®, = O and efther » > 1 or® 3 0, thenT =1

Case 4. If P >0 and 8, ¥ O, set R = 2 and Tg = 1 and solve
equation in section 3.4.6.10.4.2.5 with k = 1.

Case 5. If 8. > 0 and »25/4, set R = 2 and . L 5/16
‘o = + ———
A

and solve equation {n 3.4.6.10.4.2.5 with k = 1.
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Case 6. If 8. > 0 and X < 5/4 and p < 0, set R = 3 and
Ty = 3/2 = A/5 and solve equation in section
3,46.6.10.4.2.5 with k = 1.

Case 7. 1f 8. < 0 and * 3 3/4, set R = 2 and 3/16
To - l - oo
A

and solve equation in 3.4.6.10.4.2.5 with k = 1.

Case 8. If . < 0 and » < 3/4 and P < 0, set R = 1 and
To ®= 1/2 + 2/3 and solve equation in 3.4.6.10.4.2.5
with k = 1.

“This space intentionally unused”
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4 4 T
R 1 6yt
r=k - 4+ -- aretan seeeseo
2 27 1 -7/A

The above equation shall be solved by entering the wvalues of k, R, ér' A, and
T = 1o on the right side to determine a value of ¢ = v-. The new value of r to
use in the equation is then:

This process shall be iterated three times, or until
el - 24.1]1 < .05 (.01 - .2, .01).

This equation reduces to a simpler form that shall be used in place of the
above iteration. Whenever

|6z] < 1/3 and either

(a) » >3, or
() p>0

Use

1-k*g/2v

3.6,6.10.46,3 Earliest likely range and azimuth.- Once the position of the
aircraft has been predicted, range and azimuth windows about the predicted
position shall be calculated. This calculation shall include effects of
prediction uncertainty due to measurement noise and possible future aircraft
twrns:

2

T
Br oy * (1+2f) + 0621 * ag * 192 * ;) * (£2 + £g)
213
L8 = max (o, ..‘2-- * ...) * (1 + 2f)
Ppred n

L0421 * a_ * 192 2
4+ cvecene- B * (?) * (£2 + £p)
Ppred * (m213) 4 =

but not greater than N sectors (N from 3.4.6.4.6.1).
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g's of turn = 1 (0.5 - 2.0, 0.1)

o ey e
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firmness per 3.4.6.10.4.1
firmness per para. 3.4.6.10.4.1
range accuracy = 8(4-16,1) Ru
angle accuracy = 8(4-16,1) Au
scan time, seconds

history
3=-sigma
3-gigma
antenna

8g = The earliest

BL = The

latest

py = The earliest

Range guard

kg = 1(1-16,1), and k.
kg = 2(1-16,1), and k_ =

likely azimuth = [8,041cr0q = kg 58] in azimuth

likely azimuth = [aptedicted + kg 48] in azimuth

likely range

2(1-16,1)

® lpptadicted = kp &z + 2124 - IS
in range units

-[2

for

Ar + RS] in range units
= 1(1-16,1) for normal Mode S tracks
acquisition tracks and

initiated by acquisition Roll-Call reports.
RS = 80 (0 - 80, 1) Ru = Reply spacing parameter.
D, = System hardware delay defined in 3.4.6.3.5,

3,4,6,10.4.4 Surveillance file update.~-
the following data af h E pd

The surveillance

file shall

ter the track update has been completed.

Ppredicted

Ppredicted

8

predicted

epredicted

Pmeasured

measure
= ear

Xpredicted

Xpredicted .

Tpredicted

Ypredicted

if track in Regiom 3

giett likely azimuth (for Mode S tracks omly)

67 = latest likely azimuth (for Mode S tracks only)
pg = earliest likely range (for Mode S tracks only)

Range guard

80pax = AT L4,

T
Ly = 1(1 = 4, 1/2)

Aem = A8 ze'

Lg = 1(1 - 4, 1/2)
Time of measurement
New track firmness f
History track firmmess g

units
units

+ Da]

tracks

contain



FAA-E-2716 =258~

3.4.6.11 Mode S and ATCRBS track data message processing.

3.4.6.11.1 Purpose.— The purpose is to use track data messages from network
management 33.£.§5 to initiate Mode S tracks or to reinitialize existing Mode §
or ATCRBS tracks that are being coasted. :

3.4.6.11.2 Inputs.- The inputs are track data wmessages plus items from the
survelllance file. The track data messages contain at least the following:

(a) Mode S ID or ATCRBS track file number
(b) Last measured range: ppr in local sensor coordinates Ru.
(¢) Last measured azimuth: 68pp in local sensor coordinates Au.

(d) Predicted range rate: ppr in local sensor coordinates Ru/scan.

(e) Predicted azimuth rate: aTT in local sensor coordinates Au/scan.

(£) Altitude
(g) Time at which the above measurements were made.

3.4,6.11.3 Rules of operation.- When processing a track data message, the
first step shall be to determine whether or not a beacon report was received
within the last scan period for the given target. If such a report exists, the
track data message shall be ignored. Otherwise, the next step shall be to
time-adjust the track data message and enter it into the track file. The time

ad justment consists of using ppr aud 8¢y to convert Py and 6pp to the values
the track would have had at the last expected update time of the local sensor.
A new track shall be initiated as in 3.4.6.9.4.2 1if no track exists and this is
a Mode S message or the existing track shall be reinitialized with new values

as specified in the following paragraph. -

Using the coordinate converted values of orps PrT» éTT' 8pr and the quaatity
T, the tracks shall be predicted. The prediction equatioms shall be the same as
those used in 3.4.6.10.4.2 for Mode S and 3.4.6.6.4 for ATCRBS except cthat in
determining the region imn which a track lies (3.4.6.10.4.2), the system
parameter EXTBL shall be used in place of the range comparison value of 1052
Ru. The system parameter EXTBL shall nominally be 4096 (2048-8192, 1024) Ru.

Track firmness shall be set equal to l, and history firmness = 3. Track status
shall be set equal to S3.

Earliest likely range and azimuth shall be calculated for Mode S targets using
the equations given in 3.4.6.10.4.3. '
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3.4.6.12 Radar/beacom correlation.

3.4.6.12.1 Purpose.- The purpose is to use non-ground radar reports to
Telnforce beacon reports and to identify those nom-ground radar reports that
shall be used in updating coasted tracks. The radar and beacon antennas will be
boresight aligned to within 0.l degree. The correction for collimation s
specified in 3.4.6.3.6.

3.4.6.12.2 1Inputs.- The inputs shall be:

(a) All ATCRBS and Mode S target reports, correlated and uncorrelated:
range and azimuth.

(b) All tracks which did not correlate with beacon (ATCRBS or 1lMode S) this
scan: predicted range, predicted azimuth,

(¢) Digitized radar target reports, supplied by radar preprocessing
(3.4.6.3.6), that are not flagged as ground targets.

3.4.6.12.3 Outputs.- The outputs shall be:

(a) Radar reports correlating with beacon uncorrelated ATCRBS tracks. These
shall go to ATCRBS track update (3.4.6.6) and to surveillance data
formatting and dissemination (3.4.6.14).

(b) Radar reports correlating with beacon uncorrelated Mode S tracks. These
shall go to Mode S track update (3.4.6.10) and to surveillance data
formatting and dissemination (3.4.6.14).

The following outputs shall go to surveillance data formatting and
dissemination (3.4.6.14):

(¢) Radar reinforced ATCRBS target reports with track number, if any.

(d) Unreinforced ATCRBS target reports with track number, if any.

(e) Radar reports not correlated with any target report or with any beacon
uncorrelated track.

(£f) Radar reinforced Mode S reports.

{g) Unreinforced Mode S reports.

(h) Radar reports which do not correlate with a target report or beacon
track (for ASR-9 interface only).

The following output shall be made available to the performance monitoring
function: '

(1) Collimation difference table.

3.4.6.12.4 Rules of operation.

3.4.6.12.4.1 Definitions.- The following deflnitions apply:

épj4 = The magnitude of the range difference between the Ith radar
report and the jth beacon Teport.
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6611 = The magnitude of the azimuth difference between the ith radar
report and the jth beacon report.

$Ppax = S5O [2-100,1] Ru.
88 ax = 20 [5-30,1} Au.

Aoij = The magnitude of the range difference between the {th radar
report and the jth beacon uncorrelated track.

Aeij s The magnitude of the azimuth difference between the ith radar
report and the jth beacon uncorrelated track.

Under parameter switch control, either:

(a) 80 .5 = 8032max for fr = min (€, 2}, gp = 1
80 pax = 48J2max for fr = min (£, 2}, g = 1

fr and gr are "radar track firmness” and "history radar track firmness”
corresponding to the beacon track firaness quantities defined
in 3.4.6.10.4.1.

Note: 4032max and 4632max formulas from 3.4.6.4.6.1(b), using £,
and gp instead of f and §.

or (b) 40 .y = 0
A8 a0
nax
3.6.6.12.4.2 Association to beacon.- This scep shall be to identify all the
radar reports that associate with each beacon report, and to {deatify all the

beacon reports that associate with each radar report. A radar report I aand a
beacon report j shall be assoclated if:

5311 < 56 max

3.4.6.12.4.3 Beacoun report reinforcement.- Each beacon report that has one ot
Dore radar reports associating with it shall have its radar reinforced bit set.
I1f two ATCRBS reports associate with the same radar report, and these ATCRBS
reports are a pair of possible code swap reports, as indicated by their code
swap fields (see Fig. 3.4.5-7), only cthe correlated report (ot both, Lf both
are correlated) shall be marked as radar reinforced. The radar report that is
closest to each reinforced beacon report shall be dropped unless required for
dissenination to the ASR-9 (3.4.6.12.4.8). All other radar reports shall be
passed along as uncorrelated radar target reports.

3.4.6.12.4.4 Association to uncorrelated tracks.- This step shall be to
identify all the remaining radar reports that associate with each uncorrelated
track, and to ldentify all the uncorrelated tracks that associate with each
radar report. A radar i and track j shall be associated Lf:
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Apij S-Apmx, and Aeij sAemx

3.4.6.12.4.4.1 Time-out of association to uncorrelated tracks.- When a beacon
track has been uncOrrelated (by 2 beacon report) for at least S scans, where
S = K(K-10,1) scans (K as specified in 3.4.6.10.4.1), and.a radar report has
been assoclated with that track for one Or more of those scans, as well as on
the current scan, the beacon track shall be dropped. 1In such cases the curreat
radar report shall be disseminated as uncorrelated.

3.4.6.12.4.5 Singlsftrack, single-report correlation.- This step shall be to
identify all cases where a track associates with one and only one radar report
and that radar report assoclates only with the given track. The track and the
radar report shall be correlated. The radar report shall be tagged with the
track number and used by track (ATCRBS or Mode S) update to update the track,
and it shall also be sent to surveillance data dissemination.

1.4.6.12.4.6 Uncorrelated radar output.- All radar reports not cortrelated with
beacon reports (3.4.6.12.4.3) or tracks (3.4.6.,12.4.5) shall bYbe sent to
surveillance data formatting (3.4.6.14) for dissemination as uncorrelated radar
reports.

3.4.6.12.4.7 Function timing.- Radar/beacon correlation is intended to Dbe
performed after target/track correlation. However, if processing delays due to
the situations described in 3.4.6.14.1.2 would delay the function beyond the
limits required to meet the 3/32 of a scan overall processing rule, the
function shall proceed prior to final resolution of reports and tracks in these
situations. Tracks not yet resolved shall not be used in 3.4.6.12.4.4.

3.4.6.12.4.8 Radar output for ASR-9.- If the ASR-9 interface (3.5.2.4) s
present, all radar reports shall be sent to surveillance data formatting
(3.4.6.14) for dissemination to that interface. Each report shall be flagged
as correlated (hence used for track update or reinforcement) or uncorrelated.

3.4.6.12.5 Collimation difference table.- A table referred to hereln as the
collimation difference table shall be formed during radar beacon correlation.
The table shall provide storage for 64 entries. Each entry shall contain the
signed differences in range and in azimuth berween correlated beacon and radar
reports,

(’beacon report ~ Pradar report) and

(8beacon report fradar report)'
Selection of report pairs shall be subject to the following restrictions:

(2) The beacon report correlated with only one radar report in
3.4.6.12.4.2, ‘ A

(b) The beacon range is greater than 4000 (3000 - 6000, 500)Ru.

(¢) No more than 2 entries shall be wmade in the table during the
processing of an azimuth sector.

(d) The collimation difference table contains fewer than 64 entries.

This table will be read and cleared periodically by the performance
monitoring function (3.4.10.3.5.3).
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3.4,6.13 False target zone and image tests.

3.4.6.13.1 ?urgéae.- The purpose ls to determine if ATCRBS target repotrts or
Mode S All-Call target reports are false due to mainbeam reflections off known

reflecting surfaces.

3.4.6.13.2 Definitions.~ The following definitions shall apply: (see €ig.
3.4.6=4 and fis- 30“06-5)

fy Range of the ith target report

8 Azimuth of the ith target report

CODEy ATCRBS 4096 code of the ith target report

CFLAGy ATCRBS 4096 code confidence word of the ith target report

ALTy Mode C altitude of the ith target report
CALTy Mode C altitude confidence word of the ith target report
AZS4 Azimuth to the start of the jth known reflecting surface
AZE Azimuth to the end of the jth known reflecting surface
Ty Range to the center of the jth known reflecting surface
¢ Orieatation with respect to north of the jth known reflecting surface
3
P13 Calculated range of the postulated real target which could have caused
target report i through reflectioas off surface j
eij Calculated azimuth of the postulated real target which could have
caused target report i through reflections off surface ]
PPy Range of the kth real track
Bny Azimuth of the kth real track
8olgex = 200 (20-600, 10) Ru
40“gax = 600 (100-1000, 20) Ru
1 200(20=400, 10) T
881 pex = Min {13§ (20—200‘ 5, * T } Au
Py 2
- 600(100-1000, 20)
0% ox = Min {400(20-600, 10), ® eee } Au
S0y 213

Ar = 100 (20=400,20) Ru.

3.4.6.13.3 False target reflector file.- The quanticites AZSy, AZE4, rtj, and
¢, defined {n 3.4.6.13.2, will be supplied at program adaptation. They shall
be stored in a file referred to herein as the false target reflector file.
Provision shall be made for the storage of information on up to 50 reflectors.

3.4.6.13.4 False target zone test.- The zone test shall be the same for ATCRBS
target reports and Mode S All~Call target reports. A target report shall be
considered possibly false {f it 1lies in a false target reglon, otr {f it is
uncorrelated and has an elevation angle greater than a parameter (nominally 30
degrees). A ctarget report i lies in a false target region when:

AZSy < 81 < AZEj for some J.
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North

Reflecting
Surface j

Rotation Axis of Antenna

FIGURE 3.4.6=4.
POSITION AND ORIENTATION OF REFLECTING SURFACE
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3.4.6.13.5 False target image test.- The exact nature of this image test shall
depend upon the report type.

3.4.6.13.5.1 Image test for ATCRBS.- Each postulated real-track position, (:ij,
Bij), shall be calculated as follows:

First, in order to simplify cthe computationm, establish an equivalent
sensor-reflector-aircraft geometrical construct in the £first quadrant as

shown in Fig. 3.4.6-3.
Let éi = 9%, and
o = %
a. If 8; < 90° and ;1 < 180°, ;i = Ji + 180°.
b. If 84 2 909, then perform the following together until 51 < 90°:

6y - 909,

@
(o
[ ]

- -

6y = 6; = 90°, and Lf b, < 180° : 6 = ¢ + 180°.
The latter step for 5i guarantees that 180° < 5 < 360° as required for the

following computations.

Second, calculate the range, Pij» of the postulated real target:

172
b= (g - r4)2 = ALTyO)

B

X = 5400 = 2(b, = €,)

2 1
Qij = (b2 +ry - Zbrj cos X) /2

Third, Calculate the azimuth Gij, of the postulated real target:

b sin X)
V= sin”l (e ), then

2 2 2
If b > (Qij +ry ), and ¥ > 0, v = (180° - V), but

2 2 2
ifv» > (Dij + rj ), and V < 0, ¥ = =(180° + vy,

—
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Bij - ei + ¥
If 913 < 09, eij = 3509 + eijv but
1f 84> 360°, 85 = 8;4 - 360°.

Fourth, The postulated real track shall be assigned the same altitude and
code as the target report.

The target report shall be declared false if the image track correlates with
a real track k in the following sense:

; Aozmax if CODEi = CODE*k, CODEi discrete
legg = o™l £
80% ax otherwise
and Aezmax 1f CODEy = CODE*y, CODEj discrete
1815 - O] < |
i3 kl S
Aelm‘x otherwise
a A
and Bik < %Pmax gefined as in 3.6.6.4.4
and AC{x = O defined as in 3.4.6.4.4.

The target report shall be declared possibly false 1if it fails the above
test but the image track correlates with any real track k in the following
less restrictive sense: :

|p1y = ol L @02 " and bhy € Shpgx

and legs = o%¢| < Aezw and 8Cix € LCpax

The target report shall be declared real if it fails both of these tests.

In the above equations, the superscript *, and subscript k, refer to the kth
real track used in the correlation test.

3.4.6.13.5.2 Image test for Mode S.- An All=Call report shall be considered

false Lf an established track exists with the same code and a range that is
smaller than the report by at least ir. '

3.4.6.13.5.3 Image test for potential ring—around.- Targets passing the

elevation angle test in J.«.6..13.4 snall be tested for potential ring-around.
The image test shall use the range of the potential ring-around target and any
azimuth, for the postulated real track position. A target report meeting the
elevation angle test and that passes the zone test shall be considered as false
(potential ring-around) {f 1t oeets all tests specified in 3.4.6.13.5.1,
excluding all tests for track azimuth, {.e., since the track may occur at aay
azimuth.
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34 6. 14 ) issemi hon.- Surveillance reports shall be output from the sensor
users in accordance with the following reguirements. :

2.46.6.16.1.1 User tvpes.- Under parameter control each ATC user shall be designated
as a non-correlating or a correlating user of the sensor surveillance data. Non-
correlating users are those which rely on the report-to-track correlation processes
performed on a scan-to-scan basis by the Mode § sensor surveillance processor. make
use of the track mmbers as assigned by the sensors, and perform no further Track
correlation. External users of the data link other than ATC facilicies may be desig-
nated by site adaptation as non-correlating recipients of Mode S surveillance daza

Correlating users are those which perform further correlartion processing upon che
surveillance data provided by Mode S. Sensor assigned track numbers may assisc these
processes. Most en-route sites of the National Airspace System are correlating users.

26,6 16 1.2 Processing delavs.- Surveillance reports shall be fully processed by
the ATCRBS and radar/beacon correlation functions and ready for release in less than
3/32 of a scan period, but not before 5/64 of a scan period, after their acquisizion
by the sensor. (Acquisition time as tagged by "Time-of-Day of Most Recent Incerroga-
tion" per fig. 3.4.5-5). However, some Teports may have to await the possible arrival
of other reports before correlation can occur due to the large azimucth uncertaincy
box of the track. Also, correlation zmay be delayed when a multiple track or a mulci-
ple report- correlation situation exists (3.4.6.4.8, -.9, or -.10). Whenever the
correlation rules require the correlacion to be delayed beyond 2/32 of a scan, the
delay bevond 2/32 of a scan may be added to the 3/32-0f-a-scan limit for the repor:
irvolved in these correlations. All other reports shall be processed fully within the
3/32 limie, :

2.46.6.06,1.3 Dissemination mules.-

(8) All surveillance data, both correlated and \mcorrelaced: shall be available

for transmiasion to correlating users, in less than 3/32 of a scan period,
but no sooner than 5/64 of a scan period, after their acquisition by the
sensor. Reports that have not as yet been released by the ATCRBS function
because of the added delay specified in 3.4.6.14.1.2 shall, under parameter
control, either be disseminated when released, or be disseminated as
uncorrelated reports according to the rules specified in 3.4.6.14.1.3.1.
ATCRBS reports shall be disseminated in the same azimuth ordering as re-
ceived from the ATCRBS reply correlation function (3.4.5.6). Radar reports
shall be disseminated in the same azimuth ordering as received from the
radar interface (3.5.2).

(b) Correlated surve{llance data shall be available for ctransmission to non-
correlating users after it is released by the ATCRBS and radar /beacon
correlation function provided such release time does not exceed 4/32 of a
scan period (3.3.2.6), nor does not ocecur prior to 5/64 of a scan peried.
Any report held beyond this time because of the added delay specified in
3.6.6.16.1.2 shall be treacted as uncorrelated (under (e)). Such a report.
under control of a parameter switeh, shall either later be disseminated as
correlated (if it becomes correlated) at its release time or not disseminac-
ed.
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(¢) To provide for early dissemination of uncorrelated beacon reports, cthe daca
dissemination function shall process the reporss that are entered into =ne
uncorrelated beacon report files for both ATCRBS and Mode S. The protecol shall
be that the beacon track initiation functions will £first process the repeorszs
before disseminating the data to non-correlating users according to one of cthe
following options, selectable via site adaptation:

(1) No dissemination of uncorrelated daza.

(2) Disseminate all uncorrelated beacon reports.

(3) Disseminate the second report of a twWo scan association pair used by che
track initiation functions o initialize new tracks. The dissemination
function will distinguish the second report of an association pair by the
value of the dissemination indicator contained in the report (3.4.6.5.4.5
and 3.4.6.9.4.2).

Reports that correlate with existing tracks shall be disseminated to both correlating
and non-correlating users as correlated data only after the corresponding track has
been declared mature. Maturity is defined as the occurrence of correlation for K
scans, where K is a site-adaptable parameter with nominal value of 2(2-15, 1). If
option (2) or option (3) above has been selected, reports that correlate prior to
scan K shall be disseminated as uncorrelated data. Normal ATC dissemination rules
~shall apply to the dissemination of correlated beacon reperts. '

6.6 06 1.3 1 Processing delaved resorss.- Reperts not yet correlated at output
tize shall be processed as follows prior to their output as uncorrelated reports:

(a) Any report pair satisfying che code swapping conditions of 3.4.6.4.6.3.1
shall have their codes swapped according to the rules of 3.4.6.4.6.3.1 and
3.64.6.4.6.3.2. The associations of all such reports shall be resolved
according to the rules of 3.4.6.4.6.4 through 3.4.6.4.6.6. If either repors.
as a result of this resclution, is left vith no "association, it shall be
rejected, and not output to the users.

(b) Any report having a Type I permanent association, identified according o
3.4.6.4.6.2.1 I, to one and only one track, and whose Mode A code matches
that of this track, in all bics (high and low confidence), shall be ouspu:
with its Mode A code confidence bit set o 1.

(¢) Any report having a Type 1 permanent association, identified according to
3.4.6.4.6.2.1 I, to one and only one track, and whose altitude has not been
decoded, shall have its alticude decoded as in 3.4.6.3.4(c) and have its Mode
C indicacor bit set to 1 i{f condition 3.4.6.4.15(c) applies relative to that
tTack. .

266,162 TFormazging.- This function shall provide the surveillance link messages
and formats, including amy special timing and performance requirements, as specified
in FAA-RD-80-14. FAA-RD-80-14 may have more than one surveillance link message format
specified. the choice of any one surveillance link message format for the sensor
shall be a site adaptable parameter.
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Except as provided for in FAA-RD-80-14, when messages are created with data onlv from
some connected primary radar (i.e. no sensor generated daca in the message). =hese
messages cannot be produced when that primary radar data is not available for =he
sensor. : »

t shall be possible to modify these report formats by suitable change in sofrware or
firmware to permit all of the fellowing: 1) re-assigrment of information to differen:
fields within the message, 2) truncation of data values, and 3) substizution of other
information items stored in the surveillance file in place of presently specified
icems.

Any part of this formatting function may be implemented in software in the commun:-
cations subsystem. :

Formats that require the conmversion of two-way range in Ru to one-way range in mmi
shall use a speed of light of 299.71 mecers/microsecond for this comversion.

For message formats that require time in storage; the sensor shall provide the tocal
time in storage representing the difference between the time of antemma passage of
the aziguth in the message (time of measurement if measured dats) and the time of the
current anterma azimuth when the first bit of che message leaves the sensor’'s moden
interface drivers. The accuracy shall be 0.9 1sb of che smallest 1sb of the time in
storage fields. )

For messages created with azimuth data from the connected primary radar, the time in
storage may be calculated using local sensor anterma scan rate in conjuncrtion wish
the azimuth in the message and the azimuch when the first bit of the message leaves
the sensor’'s modem interface drivers. Variationms in antenna scan rate need not be
considered as part of the accuracy of this time in storage.

This space intentionally unused.

2.6.6.14.21 Riffraction flagging.- Before dissemination, each Mode S and ATCRBS
surveillance report shall be tested to determine if it falls within a diffraetion
zone. Sensor diffraction zones will be defined at program adaptation and will in-
clude:

esta.rt - the start azimuth of a diffraction zone.

eend - the end azimurth of a diffraction zone.
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® max - the maximum elevation angle subtended by the diffractor

above a hor:‘.zon_ul plane through the antemna.

Provision shall be made for storing informatiocn on wp to 50 diffraction zones. The
iffraction flag shall be set to one in a Mode S or ATCRBS surveillance report of:
€scart S report azimuth £ fend: and,
report elevation £ ®max

Report elevation is defined as the elevation angle above a horizontal plane through
the antenna. It shall be calculated from report range and alcicude. with correczion
made for curvature of the earth. Beacon reports without reported altitude shall be
flagged as being in a diffraction zome if they satisfy the azimuth test.

The diffraction flag value shall be stored in the surveillance file and shall be
available to users performing netted surveillance.

3.4 4 mination.- If the coverage area of the Mode S sensor overlaps with
the control area of more than one ATC facility, and all ATC facilities are operating
normally, the destination of reports to these facilities shall be determined based on
a dissemination looiap table, The lookup table shall consist of 32 rows (ome row or
entry for every 1l1-1/4° gzimuth-sector). The mumber of columns in the table shall
correspond to the number of ATC facilities the Mode § sensor interfaces with.

For each rov and column a single dissemination rule shall be expressed. Two options
for this rule shall be "Do not disseminate” and "Always disseminate.” All other
options shall be expressed by a range and an altitude condition, both of which must
be satisfied in interprecing the rule. Each condition shall be of the form:

(a) Disseminate reports with range (altitude) less than maximum value given
here, or

‘(b) Disseminate reports with range (altitude) greater than the minimum value
given here.

The dissemination lookup table shall be bypassed only when a connected ATC facilicy
has failed, provided that the bypass has been allowed via a site-adaptable parameter.
In this event all reports shall be disseminated to all (remaining) ATC facilities.
Determination of an ATC facility failure shall be signaled by a flag ser for this
puspose by the message routing function (3.4.8.12.5.3).

The radar reports normally disseminated to ATC shall only be those for which no
corresponding beacon report was found and that were within the area defined by the
ATCRBS/radar range mask (see 3.4.8.3.6).

Surveillance reports for external users shall be placed in the appropriate output
bufier of the ATC interface. '
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3.6.7 Data k proce
2.6.7.1 Introduction.- This section describes the management of data-link messages

and associated files. The messages are mainly those uplink and downlink messages
defined in the Mode S National Standard as Comm-A, Comm-B, uplink ELM,  and downlink
EIM. Llinked Comm-A messages, as designated by the message originator, are included.
The uplink messages may originate with several different users of the data link,
including both ATC facilities and other facilities referred to as "non-ATC" users.
They are read by the input message processor (3.4.7.2) from a common buffer, the
input message queue, having been placed there by the message routing function
(3.4.8.12). After processing by the input message processor, they are available to
the channel management function (3.4.1) in the form of an active message list
(3.4.7.2.4). Downlink data are read with the aid of the released target list
(3.4.1.4.5.1) by the output message processor (3.4.7.3). They are processed to
produce appropriately addressed messages in the output buffer (3.4.7.3.3).

4.7 m
3.6.7.2.1 Purpose.- The purpose of the input message processor is to process messag-

es in the order received from external users via the commmications interfaces
(3.5.3) and the message routing function (3.4.8.12) or from internal users, and to
set up a priority-ordered active message list. The external priority is received from
the users as specified in FAA-RD-80-14.

- 3.6.,7.2.2 Inputs.- The primary inputs shall be messages from ground users of the
data link. (Air-to-ground inputs are considered in 3.4.7.3) They shall be read from
the imput message queue in the order in which they are written there by the message
routing function, as specified fn 3.4.8.12. Imput messages present in the queue shall
be those messages which have already passed an acceptance test. That is, input
messages are rejected or delayed unless the Mode S target addressed is listed in the
surveillance file in a suitable track state, as specified in 3.4.8.12. Certain input
messages (EIM uplinks) will also have been rejected if the sensor is not designated
"primary” for the Mode S target addressed or if the target lacks EIM capability. For
each accepted message, the storage location in the surveillance file for the target
addressed shall have been appended by message roucting.

2.6.7,.2.2.1 Input message tvpes.- There shall be five types of imput message in the
queue, as defined in FAA-RD-80-14. The types and the dara fields contained in each
shall be as follows:

(a) Tactical uplink - Type code
Sendar ID
Mode S ID
Massage nmumber (MSG No.)
Time to expiration (EXP)
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Prioricy (P)

Packet Type (PT)

Segment. count (SC)

Message data (Sequence of MA
fields) .

(b) EIM uplink - Type code

” Sender ID
Mode § ID
Message rumber (MSG No.)
Time to expiration (EXP)
Priority (P)

Length
EIM Text (sequence of MC's)

(e) Requesi: for downlink data

Type code
Sender ID

Mode S ID

Message mmber (MSG No.)

Time to expiration (EXP)

Priority (P)

Corm-B definition (RBDS,
comprised of BDS1 and BDS2)

(d) ATICRBS ID request - Type code
Sender ID
Mode § ID
Message mumber (MSG No.)

Type code
Sender ID

Mode S ID )

Message mumber (MSG No.)
Referenced message mumber
(REF. MSG No.)
Referenced type code

(e) Message cancellation request

3.6.7.2.2.2 Data fields.- Except for sender ID, the definition and coding for each
data field listed shall be as specified in FAA-RD-80-14.
2.6,7,2.2.3 Sender ID.- Sender ID is not supplied by the sender, but shall be

affixed to each incoming message by the appropriate interface equipment, as specified
in 3.5 for inputs from other Mode S sensors and for inputs from ATC and non-ATC
facilities.
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3.6.7.2.2. 4 Ocher imgucs.- Before a target enters the antemna beam, the chamre:
management Iunction must process data on it Iin the surveillance file and associz-z=
files as specified in 3.4.1. While this process is taking place, i: is necessa:
briefly to inhibit other processing functions from writing into these files. =»
accomplish this task, the ctransaction preparation function of channel managemen:
shall set a target closure flag (3.4.1.3.3) in cthe surveillance file when a given
target becomes unavailable. The surveillance file provides cthe only ocher inguss
needed by the input message processor.

4. 7. 2.3 Ousouss. - For tactical uplink messages, IIM uplink messages, and reques:s
for downlink data, the output resulting from each inpuc message shall consist of ore
or more new entries in the active message list together with updating of the heacer
of that list (more than one entry shall result in the case of a linked tactical or
iinked EILM uplink message). For a message cancellation request, the output shall
consist of the appropriate deletions from the active message list. For an ATCRRS ID
request, the output shall consist of the setting of a one-bit flag, denoted Al, in
the surveillance file and of header data in cthe active message list.

3.4.7.2.4 Active message listc.- The active message list shall support the funccions
and concain the elements specified herein. It may have cthe following or any
functionally equivalent structure. For a given Mode § target, a pointer in the
surveillance file (3.4.6.2) shall give the address in storage which contains the
header or control block of the active message list.for that target. If a target has
no data-link activity pending, however, the active message list for that marge: shail
not exist, and the pointer shall so indicate. The control block shall concain concrol
data as needed to support the input message processing, output message processing,
and transaction preparation functionms. Such control data shall include, but not be
limiced ©o, location indicators to any or all of three subliscs which comprise zthe
remainder of the active message list. The sublis®s are as follows: '

(a) Comm-A sublist, containing all relevant data on all pending tactical uplink
messages (3.4.7.2.5.2). Each encry defines a single Comm-A transmission.

(b) Comm-B sublist, containing all relevant data on all pending requests Zor
downlink data (3.4.7.2.5.3) as well as on pilot-initiaced zactical dowmlink
messages (3.4.7.3.4.5, (b)). <Each entry defines a single Comm-B
transmission.

(¢) EIM sublist, containing all relevant data on all pending EILM uplink
messages (3.4.7.2.5.4) as well as on pilot-initiated EILM downlink messages
(3.4.7.3.4.2). Each entry defines either an uplink EIM (two or more Comm-C
interrogations with a single Comm-D reply), or a complete downlink message
(a single Comm-C interrogation with one or more Comm-D replies). An uplink
entry may correspond to a complete unlinked message or to one component of
2 linked message.
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The entries in each sublist will be priority-ordered, with cthe highest pricric:
message first. Within a single prioricy class, entries will be in the order receivzc:
that is, the order in which they are read from the inmpur message queue. The maximum
number of such priority classes is determined by the length of the prioricy 2
field, which may differ according to message type. In no case will the P field e
longer than four bits.

3.6 7.2.6 1 Conszol block.- The control block of the active message lisz shall
contain location indicaters for each of the three sublists, which may incluce
pointers and length parameters or functionally equivalent information. The absence of
a particular sublist shall be indicacted by null values. In addition, the contral
block shall contain the following dacta fields:

(a) Comm-B state (3 bits). This variable defines the state of pilot-iniciated
activity on the downlink Comm-B channel. There are six state values:
"Inactive”, "B pending, normal”, "B pending, multi-site”, "B busy", "Clear
B pending, normal", and "Clear B pending, multi-sice”.

These values are identical with cthose defined in 3.4.1.3.4.2 for targe:
records. Common code assigrments shall be used.

(b) Comm-C- state (3 bits). This variable defines the state of uplink EZLM
activicy. There are five state values, defined and coded as in 3.4.1.3.4.2:
"lnactive”, "C pending, normal", "C pending, mulctisite”, "Clear C pending,
normal”, and "Clear C pending, multisice".

(¢) Comm-D state (3 bits). This variable defines cthe state of downlink EI
activity. There are five state values, defined and coded as in 3.4.1.3.4.2:
"lnactive”, "D pending, normal”, "D pending, mulcisite"”, "Clear D pending, -
normal”, and "Clear D pending, multisite". :

(d) Sender ID for Al request (5 bits). This field contains the ID code of anv
user of the system who has requested receipt of AICRBS identity code for
the Mode S aircrafc.

Coding for the control block shall be such that, if no data-link activity is pending,
the control block shall be entirely deleted without loss of information.

3.6.7.2,6,2 Contents of Comm-A syblist.- Each entry of a Comm-A sub-list shall
contain the following data fields:

(a) Sender ID
(b) Message number (MSG No.)
(¢) Time to expiration (EX?)
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(d) Priority (B)

(e) Packet Type (PT)

(f) Segment count (SC)

(g) Not used

(h) Message data (MA)

(1) Tactical message subfield (TMS)
(j) Completion indicator

(k) Entry indicator

Except for the last three items, the items of this list shall correspond to data
fields of a tactical uplink message in the input message queue, as specified in
3.4.7.2.2.1. Other fields included there (type code and Mode S ID) are implicit in
the structure of the active message list and shall not be present. For a linked Comm-
A message, designated by a segment count SC greater than zero, the message data shall
consist of a single MA field. The particular segment shall be identified by data
within the tactical message subfield T™S, a &4-bit field whose setting is defined in
3.4.7.2.5.2. Completion indicator is a 1-bit tag which shall be initially set to
zero. Entry indicator shall provide a means for uniquely locating a particular entry
in the sublist, either explicitly by means of a serlally-assigned binary integer, or
in some functionally equivalent mammer. The entry indicator field length shall be
sufficient to provide for the maximm number of messages which might be active for
any single target (at least 10). g '

4 3 - .- Each entry of a Comm-B sublist shall contain
the following data fields: :

(a) Sender ID

(b) Message mmber (MSG No.)
(¢) Time to expiration (EXP)
(d) Priority (P)

(e) Comm-B definition (BDS)
(f) Message data (MB)

(g) Completion indicator

(h) Entry indicator

Except for the last three, the items of this list shall correspond to data fields of
a request for downlink data in the input message queue, as specified in 3.4.7.2.2.1.
Completion indicator and entry indicator shall be as defined for the Comm-A sublist
in 3.4.7.2.4.2. Message data is initially not set, and it may be replaced with a
pointer to a location where MB is stored.

2.6.7.2,6,6 Contents of FIM sublist.- There shall be two kinds of entries in the EIM
sublist. These types are defined and their contents listed in the following two
subparagraphs.

34,7246 4] Unlink EIM.- One or more uplink EIM entries shall result from input

message processing of a new ELM imput message, as specified in 3.4.7.2.2.1. Each such
entry shall contain the following data fields:
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(a) Sender ID

(b) Message mumber (MSG No.)
(¢) Time to expiration

(d) Priority (P)

(e) Length

(f) Entry indicator

(g) Reply type code (RC)*
(h) Segment number (NC)=*

(i) EIM text (MC)*

(j) Completion indicator*

* Repeated for each segment

Items (a) through (d) of this list refer to the entire message and shall occur once
in each entry. Their values correspond to data fields of an ELM uplink message in the
input message queue, as specified in 3.4.7.2.2.1. Item (e), the length (the mmber of
segments in the entry), is a binary integer with a maximum wvalue of 15, set in each
entry as specified in 3.4.7.2.5.4. RC, NC, and MC shall be coded as specified for a
Comm-C uplink transmission in the Mode S National Standard. Completion indicator and
entry indicator shall be coded as specified for the Comm-A sublist in 3.4.7.2.4.2.

When a message is comprised of more than one entry, suitable indication shall also be
made to indicate which entries form a linked set belonging to the same message.

2.46.7.246.6.2 Downlink EIM - A downlink EIM entry shall not be affected by operation
of the input message processor. It shall result from operation of the output message

processor, as specified in 3.4.7.3.4.2. Not more than one such entry may be present
in a sublist, and it shall contain the following data fields:

(a) Sender ID

(b) Message No.

(c) Time to expiration = 63 (no expiration, see 3.4.7.3.4.5)
(d) Llength

(e) Remaining length

(£) Entry indicator

(g) Reply type code (RC)

(h) Segment mumber (NC)

(i) MC field (not repeated)

(j) Completion indicator

(k) Downlink EIM text (MD, repeated for each segment)

3.4.2.2.4.5 Opder of sublist eptries.- Within each sublist, entries shall occur in
the order in which the inputs are read from the input message queues except that:

(a) For each suolist, all entries having a given priority shall be grouped
together and shall precede all entries having numerically lower priority
values;
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(b) For the EIM sublist, any EIM uplink entries shall be ordered as in (a)
above, and shall precede any downlink EIM entry.

However, in each sublist, if either a linked message (except linked Comm-B)
or an uplink EIM is present which was partially completed during a previous
scan, all entries compromising that message shall remain at the begimming
of the sublist.

3.4.7,2.4.6 Message data.- The preceding specifications of active message list
contents have included message text data (MA with associated ™S field and MC
fields). In order to minimize redundant storage and transfer of these long fields it
may be preferable to include them by reference. That is, the data fields may be
replaced by pointers to their storage locations.

MMM&M-' The entire operation of input message pProcessing
shall be based on reading out messages from the input message queue. Each message
readout shall generate a self-contained procedure, defined by the type code of the
message.

3.6.7.2.5.1 "Closed target" testing.- Input message processing shall be performed
only on targets which are not designated "closed." For all input messages, the
operation shall begin with a reading of the target closure flag to see if the Mode S
target addressed in the input message is available. This flag may have been set by
charnel management, as specified in 3.4.1.3.3. If that target is closed, the message
shall be left in the queue for processing at a later time, and the operation shall
proceed with the next message, if any. If the target in question is not closed,
processing of the message shall continue.

2.4,7,2.5.2 1T .- If the type code of the message
being processed indicates that it is a tactical uplink message, the operation shall
consist of creating new entries in the Comm-A sublist of the active message list, as
specified in 3.4.7.2.4.2. The mmber of such entries is determined by the segment
count (SC) of the message. If there is more than one segment, the message comprises a
set of "linked Comm-A‘s", and an entry shall be created for each segment, with the
entries in the same order as the segments. To insert the new entries, the surveil-
. lance file shall first be read for a pointer to the header of the existing active
message list for that target, if any. If an active message list does not exist, a new
one shall be created and the appropriate pointer to it shall be set. The header daca
of the active message list shall next be read to see if a Comm-A sublist already
exists. If not, a new one shall be created and the appropriate header data set. Each
new entry shall be inserted after any entries already present having the same value
or a numerically higher value of priority (P), and before any entries already present
having a mmerically lower value. If a partially competed linked message is already
present, the ordering rule in 3.4.7.2.4.5 shall override.

In each entry, a value of the tactical message subfield TMS shall be assigned. The
high-order bit shall be set equal to the value of packet type PT, and the remaining
three low-order bits shall be set as follows:
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(a) If the entry. contains an unlinked Comm-A (SC=0), the low-order bits of
TMS shall be set to 000,

(b) If the entry contains the first segment of a linked Comm-A (SC greater than
0), the low-order bits o_f ™S shall be set to 00l.

(c¢) If the entry contains the second segment of a linked Comm-A having more
than two segments (SC greater than 1), the low-order bits of TMS shall be
set equal to 010.

(d) I1f the entry contains the third segment of a linked Comm-A having four
segments (SC=3), the low-order bits of TMS shall be set equal to Oll.

(e) If the entry contains the final segment of any linked Comm-A (SC greater
than 0), the low-order bits of TMS shall be set equal to 100.

In the entry, the 3-bit message field EXP shall be recoded into a 6-bit binary
integer, as follows:

Entry EXP

Message EX2 decj value o
000 (default) 8 (2-16,1)
001 1

010 2

011 4

100 8

101 16

110 32

111 63

The value 63 shall be interpreted as "no expiratiom”, rather than as a scan count. As
an alternative to no expiration, an expiration of 255 scans decremented normally, may
be implemented as "no expiration.”
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3.6,7.2.5.3 Downlink request processing.- If the type code of the message being
processed indicates that it is a request for downlink data, the operation shall
consist of creating & new entry in the Comm-B sublist of the active message list, as
specified in 3.4.7.2.4.3, Insertion of the new entry shall follow procedures similar
to those in 3.4.7.2.5.2.

2.4.7.2.2.6 EIM wplink message processing.- If the type code of the message being
processed indicates that it is an EILM uplink, the operation shall consist of creating
one or more new entries in the EIM sublist, as specified in 3.4.7.2.4.4. The number
of entries created shall be at least one and not greater than four, depending on the
parameter "EIM length" of the message. (ELM length expresses the total number of
segments in the message, which may be any value between two and 64, inclusive.) Each
non-final entry shall consist of 16 segments, the final entry shall comsist of 16 or
fewer segments. The segments and the entries shall be ordered the same as the seg-
ments in the message. If only one segment remains in the message for the final encry,
an additional segment shall be created for that entry, with an MC field consisting of
all zeros. Insertion of the new entry shall follow procedures similar to those
specified in 3.4.7.2.5.2, to achieve the order specified in 3.4.7.2.4.5.

Whenever an EIM uplink message is processed, the new EIM target flag in the surveil-
lance file shall be tested. If this flag is set to.l, it shall be reset to O and the
value of the Comn-C state shall be changed to "clear C pending, normal", regardless
of the value of the uncomnected sensor flag USF (3.4.8.2.5). If the flag is not set
and the Comm-C state is "inactive", it shall be changed to "C pending, normal" if
USF=0 and to "C pending, multisite", if USF=l,

.4.7.2.9.5 Message cancellation request.- If the type code of the message being
processed indicates that it is a message cancellation request, the operation shall
consist of deletion of the referenced message from the active messagé list. A search
shall be made using the referenced type code to determine which of two possible
sublists shall be searched for a match on sender ID and on referenced message number.
(Message mmbers are not unique for all messages for a given target but will be
unique for those messages associated with a particular sender.) If no match is found,
the operation shall end. If a match is found, all entries corresponding to the
referenced message shall be deleted. If the message being cancelled is an EIM uplink,
some segments of which have been delivered (as shown by completion indicators), the
Comm-C state shall be set to the value "clear C pending, normal” or "clear C pending,
mltisite® as in 3.4.7.3.4.5, item (c). If the deletion empties a sublist, data in
the header shall be appropriately updated.

24.7.2.5.6 ATCRBS ID request.- If the type code of the message being processed
indicates that it is an ATCRBS ID request, no entries shall be made in any sublist of
the active message list. Instead, the AI flag in the surveillance file shall be set
to "1". Also, the sender ID of the request shall be entered in the control block of
the active message list. If the AI flag is already set to "1", the sender ID field
shall be set to all zeroes, but suitable indication shall be made that an extermal ID
request is pending. If another ATCRBS ID request is processed during the same scan,
the sender ID field shall remain all zeroes.
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4 O s e 0¢essor.

3.6.7.3.1 Puposes. - The purposes of the output message processor are:

(a) To process message data from downlink replies, as read from the target
records, producing as outputs messages to the data link users, and

(b) On a once-per-scan-per-target basis, to update the active message list,
using downlink data, and to report to the senders on the delivery of their
uplink messages.

2.6,7.3.2 Inputs.- The principal inputs are the target roll-call replies, as read
with the aid of the released target list and its associated transaction records,
written by the chamnel management function as specified in 3.4.1.4.5.1. The presence
of a target in the released target list indicates that the target is no longer active
and its files are fully available. That is, the target has effectively passed out of
the antemna beam, or all pending link transactions imvolving the target have been
completed, whichever occurs first.

2.4.7,3.2.1 Downlink replies.- There are several types of Mode S roll-call replies.
They are defined, together with all of their data fields, in the Mode S National
Standard. For each type of Mode S reply, the following data fields shall comprise the
useful input to the output message processor:

(a) Surveillance Reply - Mode S address
(DF = &4 or 5) ‘DR (containing downlink EIM request with
segment coumt)
FS (containing pilot alert signal)
ATCRBS ID (if present, as indicated by
format code DF = 5) :
W (containing multisite data)

(b) Comm-B Reply - Mode S address
(DF = 20 or 21) DR
FS :
ATCRBS ID (if present, as indicated by DF = 21)
™
MB (message data)
(¢) Comm-D Reply - Mode S address
(DF = 24) KE (Comm-D format control)

ND (Segment mumber)
MD (message data)
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3.6.7,3.2.2 Released target list.- As specified in 3.4.1.4.5.1, the released
target list shall contain a complete record of chammel management activity for
a given target. The target record (header) shall indicate whether any replies
were received (range completion indicator), and the state of Comm-B, Comm-C,
and Comm-D channels. For each transaction, a transaction record shall include
entry indicators referencing the appropriate active message list entries and
Teply location indicators for the associated replies. Transaction type codes
in each transaction record shall identify the entry indicators as referencing
Comm-A, Comm-B or EIM sublist entries. For EIM entries, the type codes shall
further identify the tranmsaction entry as wuplink EIM, or downlink ELM. For
multi-segment uplink EIM's there is a further tag on the reply 1location
indicator which shall identify the last reply received. The transaction
Tecord also contains the utility message request flag UMF.

3.4.7.3.2,3 Other ipputs.- Additionally, the output message processor shall
make use of data stored in the active message list.
2.4.7.3.3 Outputs.- The principal outputs are messages T0 data-link users.

Such messages shall be formatted by the output message processor and placed
in) the appropriate buffer for further processing by the message routing
function (3.4.8.12.6) and delivery to the appropriate output interface.

4.4.7.3.3.1 _Output message tvpes.- There are seven types of output messages.
They are defined, together with their data fields, in FAA-RD-80-14. The types
and their contents are (messages (a), (f), and (g) are forms of tactical down-
links): :

(a) Pllot downlink -- Type code
User ID.
Mode S address
Segment count (SC)
Message data (Sequence of MB fields)

(b) EIM downlink - Type code
) User ID .
Mode S address
Segment count (LENGTH)
EIM text (from all MD fields)

(¢) ATCRBS ID notice - Type code
User ID
Mode S address
ATCRBS ID

Type code
User ID

Mode S address
Referenced message mmumber
Delivered/Expired indicator (DI)

(d) Uplink message delivery notice
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(e) Data link capability - Type code
. User ID
Mode S address
Capability data
(including subfields CA and ECA).

(£) Broadcast downlink ' - Type code
User ID
Mode S address :
Message data (MB field)

(g) Ground-initiated downlink - Type code
User ID
Mode S address
BDS1, BDS2
Message data (MB field)
3.6.7.3.3.2 Data fields.- Except for user ID, the definitions and coding for each

data field listed shall be as specified in FAA-RD-80-14.

2.64,7,3,3,2 User ID.- For each output message which refers to some input
message, the value of the user ID code shall be identical with that of the sender
ID of the input message. These cases include a tactical downlink (when it is in
response to a request for downlink data), and ATCRBS ID notice (when in response to
an ATCRBS ID request), and an uplink message delivery notice. All other output
messages have no corresponding sender IDs, and their user ID codes are all zeroes.
The all-zero code value shall indicate that the message shall be sent to all appro-
priate users, as determined by the message routing function (3.4.8.12.6),

2.6,7.3.3.64 Other outputs.- In addition to output messages, there are
mmerous outputs taking the form of internal file updates, particularly of the active

message list. These include:

(a) Active message list - Setting of completion indicators
Updating of time to expiration
Updating of state variables in the
control block
Deletion of entries
Insertion of new entries

(b) Surveillance file - Setting of control flags (AI,
capability request CAP)
Resetting of target closure flag -

2.4.7.3.4 Rules of operation.- The output message processor shall begin by

picking up a newly released target from the released target 1list. The
information on such a target in the list shall consist of a target record and a set
of transaction records (3.4.7.3.2.2). Operations shall be triggered by specific
data fields within a target record, as follows:

(8) Mode S address - The target closure flag in the surveillance file entry
belonging to this target shall be reset, to indicate its availability.

(b) Range completion indicator - If this indicator shows that no replies
were received, then the processor shall omit all reply-based functions
and shall ©proceed directly to active message list updating tasks
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(3.4.7.3.6.5). 1f one or more replies have been received, pProcessing shall
continue in sequence.

(¢) Commn-B state, Comm-C state, and Comm-D state - These control fields shall
be copied from cthe target record (3.4.7.3.2.2) to the eontrol block in che
active message list (3.4.7.2.4.1). If there is pilot-initiated Comm-3
activity, further response is required, as specified in 3.4.7.3.4.5 iczem
(b). 1f cthe Comm-B sctate is "B-busy" furcher response is required. as
specified in 3.4.7.3.4.3.

The processor shall next proceed with reply-based processing, using each transaczion
record in sequence as an imput, together with the replies referenced in each
transaction record. The handling of replies is specified for each reply data field of
interest (rather than by reply type) in the following four sub-sections (3.4.7.3.4.1
through 3.4.7.3.4.4).

34672341 ATCRES ID code data and alert.- Every standard reply (surveillance and
Comm-B) shall be read for the presence of an alert (expressed by either of the wvalues
010, O0ll or 100 in the FS field. bics 6-8) and the presence of an ATCRBS ID code
(expressed by either of the values 00101 or 10101 in che DF field, bits 1-3). 1<
present, the ATCRBS ID code value is conctained in the field ID, bits 20-32. encoded
as specified in the Mode S National Standard. For clarity in defining the actions to
be taken in the remainder of this paragraph, the presence of a pilot alert in a Teply
is expressed as "A is set” and the presence of an ATCRSS ID zode as "Al=l". There are
four cases:

(a) If A is set. in any one or more Teplies but Al has the value "0" in all
Teplies, the response shall be to set the Al flag in the surveillance file
to "1" and to set the sender ID field in the active message list concrol
block to "all zerces." :

(b) If A is set in any one or more replies and Al has the value "1" in any one
or more replies, the response shall first be to reset the Al flag in the
surveillance file to "0" and to racrieve the sender ID field in the acrtive
message list contrel block and the ATCRBS ID code value stored in the
surveillance file. If the sender D field is not all zeroes, or if an
external ATCRBS 1D reques: is ocherwise indicated, further response shall
be to generate an ATCREBS ID nocice in the appropriate message
ocutput buffers. If the sender ID field is all zeros and no external
requaest is indicated, the ATCRBS ID code value in the last received
Teply containing such code shall be compared with the code value
recrieved froa the surveillance £ile. If the two values are the
same, no further aczion shall be taken. If the values are different,.
an ATCRBS ID notice shall be generated in cthe appropriate message
buffers. For both cases (n which an ATCRBS ID notice is sent.
the final actions shal. be to store the D code value wused in
the notice in the surveillance file and to reset the sender ID
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field to all zeroes. The ATCRBS ID notice is specified in FAA-RD-80-14 and
shall contain its distinctive message type code, the Mode S address, cthe
last received ATCRBS ID code value, and the user ID code (all zeroces).

(¢) If A is not set in any reply but Al has the value "1” in any cne or more
Teplies, the response shall be to reser the Al flag in the surveillance
file to "0", generate an ATCRBS ID notice as before (but with che user ID
field set equal to the contents of the sender ID field in the active
message list control block), and then to reset the sender ID field to "all
zeroes.” The ATCRBS ID code value used in the notice shall also be stored
in the surveillance file.

(d) If A is not set and Al has the value "0" in all replies, no response shall
oceur,

2.6 7.23.6.2 Downlink EIM Teguest.- An air-initiated request to send a downlink EIM
message is contained in the 5-bit data field DR, present in bits 9-13 of every
surveillance and Comm-B reply. Such a request is present if the decimal value of DR
is between 16 and 31, inclusive. In other words, a D request is present if the high-
order bit 9 = "1"; for comvenience this bit shall be referred to as the D-bit. If the
D-bit=l, cthe DR field represents a request to send a message consisting of N Comm-D
segments, where N is the value of DR mirus 15. (N can take on values between 1 and
16, inclusive).

1f the valus of D is zeroc in all replies, mo action shall be taken. If D equals one
in any one or more replies, the following procedure shall be executed, once only.
First, a check is made in the target record to see if cthe  sensor is primary or
secondary for this target. If secondary or if the "no commmnications® flag is set
(3.4.10.3.5.8), no further actions shall be taken. Next a check shall be made to see
vhecher the D request is old or new, using the Comm-D state variable in the control
block. If this sctate value i{s not "inactive® the D request is old and no furcher
action shall be taken. If the state value is "inactive" but a downlink EIM encry is
present in the EIM sublist, then the D request is old and the only action shall be
to delete the entry, including any segments which have been received, from the
sublist. (This case corresponds to the D chamnel having been found busy in the
ti-site protocol; see 3.4.1.6.5.3.5, {tem (£).)

I che state value is "inactive” and no downlink ELM entry is present, the D request
is new, and the required action shall be to change the state value to "D pending,
notmal® if USF=0, or to "D pending, multisite” i{f USF=l, and to generate a downlink
ELM entry and insert it at the end of the ELM sublist. This entry contains the data
fields specified in 3.4.7.2.4.4.2. It shall contain the following data:

(a) Sender ID = all zerces
(b) Message No. = all zeroes
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(c) Time to expiration = 63 (no expiration)*

(d) Length = contents of DR minus 15

(e) Remaining length = length

(f) Entry indicator

(g) Reply type code (RC) = 11

(h) Segment number (NC) = 0000

(1) Sepment request (MC) = a field of N ones followed by (16-N) zeroes,
where N = length, in the first 16 bits of MC (subfield SRS):
zeroes in the rest of MC

(J) Completion indicator = incomplete

(k) Downlink text (MD fields), N 80-bit fields initially set to all
zeroes. These fields, if desirable for efficiency, may comsist
of pointers to the stored text data when available, rather than
the 80-bit text fields themselves.

* As an alternative to no expiration, an expiration of 255 scans decremented
normally, may be implemented as "no expiration”.

An exception to this procedure for a new D request shall take place if a) the uncon-
nected sensor flag USF=l1 (indicating use of the multisite protocol); b) UMF=0, c¢) the
subfield IDS=3 in the UM field; and d) the subfield IIS in UM contains a non-zero
value which does not equal the local sensor ID. These conditions define a downlink
EIM which is directed to another semsor, and the response shall be to ignore the D
request and take mo action. .

2.6.7.3.6,3 Comm-B message datg (MB).- Every Comm-B reply contains a 56-bit field MB,
which in turn contains a message definition code subfield. The transaction record for
the reply will contain an entry indicator so that the MB data may be associated with
the proper entry in the Comm-B sublist. Special values of entry indicator ("pilot-,
"broadcast®, and "linked") shall be reserved to indicate a Comm-B reply which was
initially detected by the transaction update function of charmel management (other
than a TCAS message) and hence it shall be determined if it is to be entered in the
Comm-B sublist. If the reply carries the entry indicator "linked", the procedures.of
3.6.7.3.4.3.3 shall be executed and the remaining- procedures of this paragraph
omitted. If that entry is a ground-initiated request for downlink data, the response
shall first consist of setting the completion indicator in the proper Comm-B sublist
entry to one. Next, an output message shall be generated and placed in the ourput
buffer. This message is a ground-initiated downlink as specified in 3.4.7.3.3.1, with
the user ID field set equal to the sender ID code. If the Comm-B reply is a pilot
message (as indicated by a "pilot" entry indicator code) and the Comm-B state is not
"B-busy”, the procedures shall be the same except that the output message shall be of
the type pilot downlink (with SC set to 00), and that it shall be determined if there
is no entry and hence mo completion indicator is to be set. If the reply is a pilot
Dessage and the B-busy flag is set, no output message shall be generated; the only
actions shall be to set the completion indicator (if an entry is present) and to
change the Comm-B state to “"inactive". If the reply is a broadcast message, an output
message of the type broadcast downlink shall be generated and the completion
indicator shall be set (if an entry is present). Exceptions to these procedures are
defined in 3.4.7.3.4.3.1 and 3.4.7.3.4.3.4.
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3.6.7.3.6,3.) Excended Capability Com:B.- A ground-initiated Commn-B reply having the

values BDS1=0001 and BDS2=0000 in its sublist entry or a broadcast reply containing
the same value in the first eight bits of MB is an extended capability reply. The
remaining 48 bits of MB contain the extended capability ECA. For a reply of this
type, the corresponding completion indicator in the Comm-B sublist shall be set to
one, but no ground-initiated or broadcast downlink message issued. Instead the value
of ECA in the message shall be compared with the ECA value already present in the
surveillance file. If the values differ, the following actions shall proceed:

(a) The new ECA value shall be entered in the surveillance file.

(b) An output message of the type data link capability shall be generated and
placed in the output buffer. It shall contain the following data, as
specified in 3.4.7.3.3.1:

User ID = gll zeroes
Mode S address
Capability data = values in surveillance file

(¢) If the reply is a broadcast Commn-B, there shall be no further action.
Otherwise, the CAP flag shall be reset,

If the ECA values are the same, the procedures of a) and b) above éhall be omitted
and those of ¢) shall be executed.

If a reply containing ECA is received, the "new roll-call target” flag in the
surveillance file (3.4.8.7.3.3) shall be read. If this flag is not set, there shall
be no further action. If the flag is set, the "flight identification bit" of ECA
shall be examined (defined as bit 65 of the Comm-B reply containing extended
capability). If this bit is not set, there shall be no further action. If this bit is
set, a ground-initiated entry shall be made in the Comm-B sublist containing the
. following data:

a) Sender ID = all zeroes

b) Message mmber = all zeroes

c) Time to expiration = 8 scans

d) Priority = high

e) BDS1 = 0010, BDS2 = 0000

£) Completion indicator = incomplete
g) Entry indicator = ground-initiated
h) Message data = all zeroes

In either case, the "new roll-call target" flag shall be reset in the surveillance
file.

3.4,7,3.46,3.2 TCAS Compn-B.- A Comn-B message resulting from a TCAS request is identi-
fied by the reply request code RR=19 in the transaction record or for entry indicator

= TCAS in the transaction record. For such a message there is no entry in the Comm-B
sublist and hence no completion indicator. The response shall be to generate and
place in the output buffer an output message of the type ground-initiated downlink,
with the user ID field set to all zeroes.
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4,.7.3.4 ed Comm- e = A linked Comm-B reply is identified by the
value "linked" in its entry indicator. A Comm-B sublist entry corresponding to a
linked reply shall be present only if part of the linked message was received on a
previous scan. Processing shall be performed collectively for all received linked
replies. :

If the last received reply completes the linked message, an output message of the
type pilot downlink shall be generated and placed in the output buffer. This message
shall have the user ID field set to all zerces and the segment count (SC) set to one
less than the mmber of segments comprising the linked message. The message data
shall include the MB field of each segment in the order received, as contained in
Comm-B sublist entries (for segments received on previous scans) and in current
replies. Following generation of the message, any corresponding sublist entries,
including an initial entry still labeled "pilot", shall be deleted.

If the last received reply does not complete the message, but corresponding entries
are present in the Comm-B sublist, the only action shall be to store the MB data from
each reply in the appropriate entry and to mark its completion. No entries shall be
deleted.
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If the last received: reply does not complete the message and corresponding entries
are not present in the Comm-B sublist, a new sublist entry shall be appended to the
sublist for each segment, whether or not received. Each entry shall contain the
"following data:

(a) Sender ID = all zeros

(b) Message number = all zeros

(¢) Time to expiration = 63 (no expiration)*

(d) Priority = standard (P = 0000)

(e) Comn-B definition (BDS): to all zeroes, for an initial segment; according
to the rules in 3.4.1.6.5.3.8(b) for remaining segments.

(£) Completion indicator shall be set to "complete"” for an entry
corresponding to a received reply; otherwise, to "incomplete”

(g) Entry indicator = "linked"

(h) Message data (MB) shall comtain the MB data from the corresponding
reply for completed entries; otherwise, to all zeroes.

* As an alternative to no expiration, an expiration of 255 scans decremented
normally, may be implemented as "no expiration”.

In addition, if a "pilot" entry is present in the Comn-B sublist, its completion
indicator shall be set.

4,7,3.6. 3.4 m-B.- A ground-initiated Comm-B reply having the values
BDS1=0010 and BDS2=0000 in its sublist entry or a broadcast reply containing these
same values in the first eight bits of MB is a flight ID reply. For either of these
cases, the value of flight ID in MB shall be compared with that stored in the Flight
ID field of the surveillance field. If the values are the same, no output message
shall result. If the values differ, the MB value shall be stored in the surveillance
file field and the output message (either ground-initiated downlink or broadcast
downlink) shall be issued.

2.6.7,3.46.4 FIM replies.- For ELM transactions, the transaction record shall contain
a type code identifying the associated reply (or.replies).as being one of two types,
as specified in 3.4.7.3.2.2. The response to EIM replies are specified separately by

“type:

(a) Uplink EIM replies - For uplink EIM transactions, a tag in the transaction
record shall identify the last reply received, as distinguished from
earlier replies within the scan belonging to the same transaction
(3.4.7.3.2.2). All replies, except the last one, shall be ignored. Within
this reply, there are three data fields: KE, ND, and MD, as defined in the
Mode S National Standard. For this transaction type KE has the value "1"
and ND shall be ignored. The TAS subfield of the MD field shall be read as
a cumulative technical acknowledgment from the transponder. A "1" in Nth
bit position of this field signifies completion of the segment numbered N-
1. The only task of the processor at this time is to transfer this comple-
tion information to the appropriate EIM sublist entries. The entry indica-
tor in the transaction record shall identify the proper uplink EIM. Those
segnents indicated as completed by the cumulative technical acknowledgment
data shall have their completion indicators set.
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(b) Downlink EIM replies - For EIM transactions whose types are downlink ELM,
there shall be one or more replies referenced. Each reply shall carry a
segment of the EIM, with the segment mumber in ND and the text data in the
80-bit MD field. (KE shall have the value "0".) The entry indicator in the
transaction record shall indicate the downlink EILM entry in the EIM
sublist. There, the MD data shall be stored, with the ND mmber indicating
the proper segment. No further actions shall be taken if the segment
received does not complete the downlink message. If it does, the completion
indicator shall be set to one in the EIM sublist entry and an ocutput
message shall be generated and placed in the output buffer. This message
shall be an EIM downlink message as specified in 3.4.7.3.3.1. The user ID
field in that message shall contain "all zeroes."

3.4.7.3,4,5 Active message list updating.- Once per scan per target, it is necessary
to perform housekeeping tasks on all sublists of the active message list. It is ad-
vantageous to perform the file management tasks immediately after the reply-based
processing, so that all output message processing tasks relating to one target are
performed in a single sequence. The required tasks consist of deletion of completed
or expired entries, generation of delivery notices to the senders, and setting up
downlink ELM, clear Come-C or clear Comm-D transactions. The details vary with the
type of transaction involved, and hence are given separately for each case as listed
below. Where an expiration of 63 (no expiration) is used, as an alternative, an
expiration of 255 scans decremented normally, may be implemented as no expirationm.

(a) Comm-A sublist - For each message in the Comm-A sublist which is tagged as
completed, an uplink message delivery motice (3.4.7.3.3.1) shall be generat-
ed and placed in the output message buffer. In this message, the user ID
field shall be set equal to the sender ID of the Comm-A message, and the DI
tag is set to indicate "Delivered." Completed entries shall be deleted from
the sublist. The time to expiration field of each incompleted entry shall be
decreased by one scan unless the field value is 63 (no expiration). For each
message whose time to expiration is now equal to zero, an uplink message
delivery notice shall be generated and placed in the output message delivery
notice shall be gensratad and placed in the output message buffer as before,
but with the DI tag set to indicate "Expired,” Expired entries shall be
deleted from the sublist. For the case of a2 linked Comm-A message which is
either completed or expired, s delivery notice shall be sent for the final
segment only; previous segments shall be simply deleted. If a partially
completed linked message is present, it shall be permissible to change its
priority to the maximm value, in order to achieve the ordering rule in
3.4.7.2.4.5. 1If no entries remain aftar these deletions, the sublist shall
be deleted by appropriate rewriting of pointers.

(b) Comp-B sublist - The procedures for this sublist shall begin as for the
Comn-A sublist, with these distinctions: no entries for partially completed
linked messages shall be deleted, notices of successful completion shall not
be sent, and notices of expiration shall be sent only for those messages
which are ground-initiated. lf the current sensor status is not primary, the
Comn-B state shall be set to "inactive" and any air-initiated transactions
and linked Comm-B transactions shall be deleted from the sublist. If after
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deletion of completed and expired messages, there is no entry that is a
pilot or linked entry, the "Comm-B state" in the active message file shall
be checked. (This field shall have been updated as specified in 3.4.7.3.4,
item (c).) If the state is "B pending, normal" or "B pending, multisite", a
new entry in the Comm-B sublist shall be made, with sender ID set to "all
zeroes” and entry indicator set to "pilot" to indicate an air-initiated
message. Also, 'in this entry, time to expiration shall be set to 63 (no
expiration), priority to "standard" (P=0000), Comm-B definition (BDS) to
"all zeros", and completion indicator to "incomplete”.

EIM sublist, uplink message - If the current sensor status is not primary,
and the Comn-C state value does not equal "C pending, multisite", the only
action shall be to delete all uplink EIM entries and set the Comm-C state to
"inactive". Otherwise, the following actions shall proceed: If an uplink EIM
is in progress, some of the segments may be tagged as completed. If some
entries (but not all) remain incompleted, their RC codes shall be updated so
that they constitute a proper continuation of the EIM, with a downlink reply
Tequested to the last uncompleted segment, as specified in the Mode S
National Standard. If any or all messages remain incompleted, the time to
expiration of each message shall be decreased by one scan unless the field
value is 63 (no expiration). If this field is then zero for any message, the
message shall be deleted, with the generation of an uplink delivery notice
indicating expiration. If all segments of an entry have been delivered, the
entry shall be deleted. If this entry is the final entry for a message, an
uplink delivery notice shall be generated indicating successful delivery. If
the first entry in the sublist has been .deleted, the Comm-C state value
shall be changed from "C pending, normal” to "clear C pending, normal" or
from "C pending, multisite” to "Clear C pending, multisite". If after
deletions, an uplink EIM message is present with at least one segment
completed, it shall be permissible to change the priority of the entire
message to the maximum value, to achieve the ordering rule in 3.4.7.2.4.5.

EIM sublist, downlink message - If the current sensor status is not primary,
the only action shall be to delete any downlink EILM entry and set the Comm-D
state to "inactive"”. Otherwise, the following actions shall proceed: If the
completion indicator for the message 1s zero, the time to expiration shall
be decreased by one scan unless the field value is 63 (no expiration). If
this field is then not zero, the SRS subfield of the MC field shall be
updated so that the first N bits contain zeroces in the positions correspond-
ing to the received segments and ones elsewhere, where N is the total number
of segments in the message. The remaining length field shall also be updated
to indicate the mmber of segments remaining to be delivered. If the time to
expiration has reached zero or if the completion indicator indicates that
delivery has been accomplished, the remaining actions shall be to delete the
message and to change the Comm-D state value from "D pending, normal" to
"clear D pending, normal” or from "D pending, multisite” to "Clear D pend-
ing, muiltisite",

If the current sensor status is not primary, the Comm-C and Comm-D state
values shall be set to "inactive” except that the Comm-C state shall not be
changed if it has the value "C pending, multisite". If, after deletions, no
entries remain, the EIM sublist may be deleted by appropriate rewriting of
pointers.
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(£) 1If the Comm-C state is "inactive” but one or more uplink EIM entries remain,
the state shall be changed to "C pending, normal" or "C pending, multisite",
according to the value of USF. If, in this case, one or more segments of an
uplink ELM are already marked as completed, their completion indicators
shall all be reset to indicate "incomplete", and their RC codes shall be
changed so that the entire EIM shall be re-initialized on the next scan.
(This case corresponds to the situation in which the Comm-C channel has been
found busy in the multisite protocol mode (3.4.1.6.5.3.5, (e)) and some
segments has been previously delivered using the normal mode (3.4.1.3.4.3,
).

However, if the "no commmications" flag is set (3.4.10.3.5.8), items (b)
through (e) above shall be interpreted as if the current semsor status is
not primary.

Finally, the control block of the active message list shall be updated as
required. If all sublists have been deleted, then the control block may also
be deleted and the pointer to it in the surveillance file erased, unless the
control block still contains useful information about data-link activity
(such as comm state values other then "inactive").

This space intentionally unused. ‘
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3.4.8 Network management.,

3.4.8.1 Purpose and overview.- The purpose of oetwork management is to
ensure adequate surveillance and communication for areas of common coverage.
Sensors shall coordinate by:

(a) Maintaining a dynamic map of coverage responsibility based on the
"status” of all sensors having coverage overlap.

(b) Providing for continuity in surveillance over coverage boundaries.
This shall be done, for Mode S targets, by providing track data to a
newly covering connected sensor until roll=call {is successfully
established. For a non-connected sensor, it shall be doae by
appropriate wmanagement of traasponder lockout to all=call
interrogations or the use of the transponder multisite features.

(¢) Providing backup track data to requesting connected sensors on Mode §
and ATCRBS targzets.

Data links between connected sensors shall be implemented using the sensor/ATC
communication links, with relaying of messages at the ATC facility,

Network management shall handle both ode S and ATCRBS teports, but shall not
handle radar reports. For clarity of presencation, the processing of Mode S
and ATCRBS reports is specified separately. Sections 3.4.8.2 through 3,4.8.10
are for Mode S; Section 3.4.8.11 is for ATCRSS.

All network management decisions shall be based on information stored in the
surveillance file, especially, the network management lists (3.4.8.2) and the
coverage map (3.4.8.3). These decisions shall be triggered by one of three
basic stimuli: (a) surveillance boundary crossings (3.4.8.6); (b) changes in
track quality (3.4.8.7); or (c) reception of network coantrol messages (3.4.8.4
and 3.4,8.8). A network management decision affecting an adjacent connected
sensor will generally result in a sensor .control message being {ssued to that
sensor (3.4.8.4 to 3.4.8.10). Messages from adjacent coannected sensors and ATC
or non~ATC facilities to the 1local sensor are received by the ground
comminications interfaces and then by the message routing management function
(3.4.8.12) which distributes the messages to all major sensor subsystems, such
as network managenent. Message routing wmanagement also determines the
dissemination of outgoing messages. '

Pigure 3.4.8-1 is a block diagram of the tasks performed by the network
management function other than message routing wmanagement, As shown, some
tasks shall be performed once a scan on each target in the sector
(3.4.6.1.1.4) following its acquisition, others when need arises, as
determined by routine checking tasks. Other tasks, such as reacting to
incoming network control messages related to any Mode S ctarget shall be
performed, as required, several times a scan.
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6.8 2 1 Definizion. - The network management lists contain information for eacn
Mode S5 carger and are used primarily by the network management function. For ease of
description and reference, the fields of information are grouped as lists and will be
referted to as the target status list, the in-list, the out-list and the neswork
management output list. Physically, these lists shall be part of the surveillance
file. The way that this information shall be used is specified in 3.4.8.5 through
3.4.8.9.

3.4.82.2 Target status list.- This list shall comtcain che following informazien
elements for every Mode S target in the surveillance file.

(a) S: The "track status", defined as a chree-bit variable, represencs five
track conditions needed for network managemen: decisions. The crack
status categories shall be:

§4: When the track is maintained successfully on local roll-call and fewer
than N successive report misses have occurred, when N = 1 (1-5, 1).

S3: When the track is exclusively maintained on position reports received
from an adjacent sensor.

S2: When the zrack is in the All-Call mode.

Sl: When N or more successive repor: misses have occurred (the local track
was coasted N or more times) while no externmal pesition reports are
being received.

§0: Is a cransicional status used at ctrack initiation.

(b) PS: A one-bit field representing che *prioricy-status” of the local sensor
with respect to the Mods S targe:. The pricricv-status values are:

P: The local senser is assigned "primary”.
S: The local sensor i{s assigned "seconcary” as opposed %o primary.

(¢) UC: A one-bit field represenzing zhe control status of che target. The
control status values ace.

Usunconcrolled
C=Controlled.

(d) Request bits (TR, TRR and IR) for cthe local sensor - the secting of
these bits shall signify vhether the local sensor has requested
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(e)

(e

(g)

(h)

(1)

)

(k)

(1)

(m)

position data on the Mode S target from adjacent cormected sensors. TR=-_
shall indicate the data was requested because the local track gualisty hac
deceriorated. TRR=l indicates that the request was issued in anticipation of
a fade in the zenith cone. IR=l indicates che request for external data was
issued on demand from a user of netted surveillance data.

Adjacent assigned sensors - this entry shall list the senmsor ID's of che
adjacenc sensors currently having responsibility for coverage of the given
Mode S target as was specified by the local coverage map. For each sensor.
it shall alsc indicate whether that sensor is currently comnected or non-
connected.

Adjacent sensor IDs as used here and in other network management liscts
(including cthe coverage map) shall be coded in a 4-bit field. The sensor
shall maintain a table of correspondences between these codes and the 10-bit
sensor addresses used in external commmications. )

Request bit (RR) for each of the adjacent assigned sensors - the function of
request bit RR shall be to indicate that a request for track data was
received by the local sensor from the adjacent assigned sensor.

Coverage map cell index (truncated to 8 least significant bits) - che
purpose of this encry shall be to record the current cell index and thus
allow detection of cell index changes when matched against the cell index on
the next scan (3.4.8.3 and 3.4.8.5.2).

Special mode flag - the purpose shall be to define the mode in which the
coverage map is being used for a given Mode S target (3.4.8.3.4.4).

Mode S lockout management parameter (DLM) - The current value of the Mode $
coverage map parameter for this targetr (3.4.8.3.4.3).

Target Lockout Control State (LCS). There are three values:

Fully locked
Fully unlocked
Intermittent lockout.

lock Count (LC). This parameter expresses the number of scans since the
begiming of a current lock period. LC is ignored if the Mode § lockout bit,
DL, equals 0 (3.4.8.2.5).

Unlock Count (ULC). This parameter expresses the mumber of scans since the
beginning of a current unlock period. ULC is ignored if DlL=l (3.4.8.2.5).

All-Call Flag (AF). This parameter, set by surveillance processing,
expresses the observed lockout state of the target transponder on the
current scan. AF is set to 1l if one or more valid all-call replies were
received during the scan. Otherwise, AF is set to 0.
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(n) All-Call Count (AC). This parameter gives the current mumber of scans
for which AF = 1,

(o) Coordination in Progress Flag (CIP). A setting equal to one shall
signify that the local sensor is executing the handoff protocol
specified in 3.4.8.3.5.4.

(p) Capability Request Flag (CAP). This parameter is set to indicate the
need to interrogate an aircraft to determine its extended data link
capability. It is set by network management whenever an aircraft
enters full track, and may also be set by data link processing.

(q) New EIM target flag. This parameter, when set to one, indicates that
uplink EIM delivery to the target has not been attempted since the
sensor became primary. It is wused by data link processing to cause
clearing of the Comm-C charmel before the first such EIM delivery.
(3.4.7.2.5.4).

(r) Radar zenith cone flag (RZC). This flag indicates whether the target
is in the zenith cone of the primary radar and hence whether radar
substitution should be attempted (3.4.8.5.2 and Appendix IV,
3.3.4.1).

(s) New roll-call target flag. This flag is set whenever a target enters
the track state S4. It is used by data link processing in comnection
with readout of aircraft variable flight ID.

Of these parameters, the four items (k) through (n) are interpreted ‘only for
those targets whose current lockout control state is intermittent lockout.

2.6.82.3 Ip-list.- The in-list for each Mode S target record in the
surveillance file shall contain the ID of the sensor from which track data are
being received and a one-bit flag (symbol IF). Flag IF shall be set equal to
one if track data received are actually ‘sent to the Mode S track data message
processing (3.4.6.11) for insertion in the local surveillance file. Flag IF
shall be set equal to zero if the track data received are suppressed (this
would occur when track data from another adjacent sensor are already being
used).

2.6.82.4 Out-list.- The out-list for each Mode S target record in the
surveillance file shall contain:

(a) The ID of the sensor(s) to which track data are being sent by the local
sensor.

(b) A one-bit indicator (symbol OSE) to flag an entry of the out-list that
is temporarily not being serviced. The ensemble of entries in the
out-list for which OSE is set equal to one will be. further referred to
as the request outstanding list.



S ST T e e s 5 weeed V4w WY A e

FAA-E-2716 ' -296~-

(¢) A chree-bit expiration counter (OEC) which causes the entry 4in the
request outstanding list (OSE set) to be erased when the number of
scans counted by OEC exceeds its threshold value (OECT = 5 (2-7, 1)).

3.4.8.2.5 HNetwork management output list.- This list shall be a part of each
Mode S track record in the surveillance file that groups elements that are
specified outputs of the network management function. They are used by other

system functions such as channel management and data link processing. They
are:

(a) The Mode S lockout bit (DL). The setting of this bit to one indicates
that the Mode S transponder wust be locked out for combiaed
ATCRBS/Mode S all-call and Mode S-only alle=call interrogations.

(b) Unconnected sensor flag (USF). If any sensor listed as an adjacent
assigned sensor is currently unconnected to the local sensor, and if
the target is uncontrulled (UC=U), this one-bit flag shall be set. USF
is used by channel management (3.4.1.3.4.3) and by data link processing
(3.4.7.2.5.4, 3.4.7.3.4.2) to deternine whether "normal” or "multisite”
protocols shall be used in data link transactions.

(¢) Connected sensor flag (CSF). 1If any sensor listed as an adjacent
assigned sensor is currently connected to the local sensor, this
one-bit flag shall be sect. CSF is used in sensor priority status
detemnltton (3 0“ 08030503) .

3,4.8.2.6 Summary table.-= Table 3.4,8=]1 presents a summary of network
panagenment list components. Additional items, which are used exclusively by
network management, may be raquired.

3.4.8,1 Coverage map.

3.4.8.3.1 Definition and purpose.- The coverage map shall be a file. It shall
contain the information from which the coverage responsibility of the local and
adjacent sensors can be established. It shall alsc contain some paraseter
values which are a function of the map position and which are used as decision
variables by channel management, data-link processing, or network sanagement in
deternining whether or not to perfora specific tasks.

3.4.8,3.2 The coverage map to be used at each site.~ The coverage map shall
be site-specific. Assignment of coverage o certain sensors over a given area
will wusually follow the rule of proximity. However, ATC surveillance
requirements, special topographic conditions and existence of obstructions may
change that rule. The data corresponding to the general description of the map,
ag given 4in 3.4.8.3.3, will be provided ¢to the contractor for each site. The
~contractor, however, shall be respoasible for ctransforming that description
into a coverage map file for the coaputer, as described in 3.4.8.3.4.
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SOMMARY TABLE

Target Status List Target Track Status S
Sensor Priority Status PS
Control Status Uc
Request bit TR, TRR
Netted Surveillance User

Request Bit IR
*First Adjacent Assigned
Sensor Sensor ID
*1ts Commectivity Flag .-
*Its Request bit RR
Coverage Map Cell Index
(last 8 bits) IQ
Special Mode Flag SMF
Mode S Lockout
Management Parameter DM
Llockout Control State Lcs
Lock Count c
Unlock Count ULC
All-Call Flag AF
- AC
CIP
CAP
RZC
Sensor ID
IF

e w

e e

All-Call Count
Coordination in Progress
Capability Request flag
New EIM Target Flag
Radar Zenith Cone Flag
New Roll-call Target Flag

In-List’ *First Sensor ID
*Flag for active use

HPE PRGN -0

Out-List *First Sensor ID Sensor ID
Flag to suspend action on
this target ' OSE
Expiration Counter OEC

&~

(VAN

Network Mgt.
Output List Mode S Lockout bit DL
Uncormected Sensor Flag USF
Cormected Sensor Flag CSF

sy

*Repeated for each additional sensor as needed.
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3,.4.8.3.3 General description of the coverage map.- The total volume of
alrspace which a sensotr may possizly cover is divided into three 2ones. The
ianer zone, closest to the sensocr, is the required zone, where the local
sensor shall be required to provide coverage. Such a sensor is said to be
assigned. Surrounding the required 2one 1is the permitted zone to which a
sensor may extend coverage only uader apecial circumstances (3.4.8.6). The
pernitted zone, in turn, is surrvuided by the forbidden zone where the-sensor
shall never cover a target.

The basic information given the contractor for the map is defined in
FAA-RD-82-37. ‘

3.4.8.3.4 Description of the coverapge map file,

3.4.,8.3.4.1 Discretization of the map.~ The area of coverdge for which
information shall be stored is the area made up by the required and permitted
zones of the local sensor. To facilitate this storage of information, the area
of interest shall be divided iato elementary areas, called cells, by
overlaying it with a regular grid structure (fig. 3.4.8-2). This grid is
characterized by the following range and azimuth increments:

Range increments: 64 us (Zloku) for range less than 219 us (21%Ru)
128 us (211ru) for range over 210 g (21%Ry)
Azimuth increments: 360° (21%Au) for a range less than 25 us (21%u)

18 (210 ) for & range betueen 26 and 28 us
and 2 Ru)

1%5' (29A ) for a range between 28 and 2% us
and 2 :

5.625° (28Au) for a range over 27 us (213Ru)

The maximum range shall be 3200 us (= 258.8 nnmi) which implies a maximum
number of 1777 cells. The range up to which the grid pattern is implemented at
each site shall equal the smallest quantized range of the grid greater than
the maximum range .(over all azimutis) used to describe the permitted zone of
the local sensor. The number of cells to be used for the coverage map 1is then
determined by that range. For clarity of description, the following terms are
introduced and shall be understood as defined herein:

(a) "Subarea”. A'subarea is the smallest area for which each cell belongs
to the required and permitted zone of the same set of sensors listed
with the same priority.
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FIGURE 1.4 8.2
GRID STRUCTURE
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(b) “Altitude-breskpoint”. An altitude-breskpoint associated with a given
sensor is the altitude approximating the line-of-sight cutoff in the
sensor in the given cell of the coverage map.

(¢) “Primary sensor”. The coverage map lists a particular sensor as the
best sensor (usually based on proximity) to use for surveillance and
data-link service. Such a sensor will be referred to as the primary
sensor (3.4.8.3.5) and the collection of cells where the sensor is
listed first in the subarea list is called the primary 2zone.

The rules chat shall be adhered to when developing the coverage map for a
particular sensor are given in FAA=-RD=-82-37,

3.4.8.3.4.2 Contents for each cell.- For each cell, the nap shall specify:

(a) A pointer to a list of sensors <for the subarea to which the cell
belongs. The sensors shall be lisced in the cortect order of priority.
Each adjacent seasor shall be tagged as being either connected or
non-connected. The maximum number of sensors to be listed for any
subarea shall be a paramecer } = 3 (1-8,l1).

(b) An altitude breakpoint for each sensor listed.
(¢) A set of flags.

(d) The value of parameter MNAS (3.4.8.3.4.4) reflecting the desired
multiplicity of coverage.

This information may be stored in the form of two lists:

(a) The cell conteat list.
{(®) The subarea list.

The meaning of the several fields is explained in Table 3.4.8-2.

3.4,8.,3,4.3 Mode S lockout manageasent raneter.~ The Mode S lockout
management paramater (DLX) is not contained in the coverage map file, but s a
target status paranmeter bassd in. part on coverage map data. There are three

states of this parameter to be sxpressed:

Full lockout
Intermittent lockout
Temporary intermittent lockout.

The first two of these states shall be assigned to aircraft located 1in a
particular map cell, according to the following rules:
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DEFINITION OF COMPONENTS OF THE COVERAGE MAP.

Component No. of Bits
The value of MNAS for this cell. 3 bits
A pointer to an entry in a short 5 bics

list of N sensors for each subarea.

Altitude breakpoints for the sensors
listed in the subarea list. Value .
range (500 -~ 50,000, 500) feet. N x 7 bits®

Primary Flag, to' indicate whether
the local sensor is the primry
sensor on the map. 1 bit

Zenith Cone Flag, to flag proximicy
to the site. 1 bit

Sensor ID's " U x4 bitst
Connected sensor flags - For each sensor ID

listed, an indication whether it has a ground
communication link to che local sensor. Nx 1l oit

*Repeated for each sensor in the subirea.
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(a) 1If there are no adjacent Mode S sensors gssigned. the state shall be
full lockout. :

(b) 1f all of the assigned sensors are connected, the state shall be full
lockout. .

(e) 1If the site addressed lockout mode is in use, the state shall be full
lockout.

(d) 1f che site-addressed lockout mode is not in use aand if there 1is at
least one non-connected sensor assigned, the state shall be
igtermittent lockout.

The third state, temporary intermittent lockout, may ouly occur as a resultc of
processing certain pecformance mouitor imputs. Performance monitoring shall
make a determination of “sensor communicacions failure/ recovery” status for
each connected sensor (3.4.10.3.4.2). (This 1is 1ia addition to the
determination of sensor fallure/recovery which is used to set the special mode
flag). A change in this status has the following effect oa the values of DLM:

(a) Communications failure: 1f the state is “full lockout” and
site-addressed lockout 1is 'mnot in use, it shall he changed co
“temporary intermitteant lockout™ for Mode § targets in the cells where
the affected sensor is assigned. Otherwise, there shall be no effect.

(b) Communications recovery: 1f the state is “temporary intermittent
lockout”, it shall be changed to "full lockout™ for Mode S targets in
the cells where the saffected sensor is assigned.’ Otherwise, there
shall be no effect.

DLM shall be initially defined for a target when it encers track status S&é. A
change in DLM scate shall be flagged so that when routine network managenent
tasks are performed on a Mode S target, the change shall be handled as if cthe
target had crossed a cell boundary (3.4.8.5.4.2). For each Hode § target, the
value of DLM to be used in secting lockout shall be updated whenever the
tacget crosses a cell poundary. In order to recognize a change in DLM value,
the curreat valus of DLM shall be stored in the target status list. An
additional dynamic flag aay be defined to indicate a current change in DLM.

3.4.8.3.4.4 Use of the coverage wTkp.-< The coverage map is tead for certain
fields of information relevant for a Mode S target in a given position. The
distinction between a required aad permitted area lies in the number of
sensors that will be read from the map, in normal operating conditions. This
number, MNAS = 2 (1-5, 1), reflects the desired aultiplicity of coverage
provided by adjacent sensors and is implicit in the extent of the required
areas for these sensors. In normal operating conditions, the first MNAS
sensors (if available) will be read out of the map. This way of using the map
will be further referred to as the “normal mode”. 1f an adjacent sensor has
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failed, the performance monitoring function will provide the ID of that
sensor. The algorithm reading the map shall be designed to read the first
MNAS sensors (if available), ignoring all data such as ID and altitude’
breakpoint relating to the failed sensor. This way of reading the map will be
referred to as the “special mode” and will be indicated by setting a special
flag equal to ocne.

The steps necessary to define which sensors are designated by the uaap to
provide coverage are now outlined. The sensors so desiznated will be referred
to as “"assigned sensors”.

(a) The first step shall be to calculate the index of the cell, given the
target position (p, &, H). An alzorithu that may be used 1is specified
in Table 3.‘.8-30

(b) The special mode flag (SMF) shall be read.

(¢) The next step shall be to coopare =the cel index and SilF with the
corresponding values found on the previous scan and stored in the
target status list of the surveillance file (3,4.8.2.2). If no change
occurred, and if the failure/recovery state of any listed adjacent
sensor lhas not changed since the previous scan, the information read
from the map on 4 previous scan is still valid and no further action
is needed. Otherwise, the steps Jescribed below shall bde executed.

(d) Read cthe first MNHAS sensors, if present, while ignoring any sensor
that has failed if the map is being used ia the special mode.

(e) For all sensors thus read out of the mnap, other than the first,
compare the target altitude H with the altitude breakpoiat h of the
sensotr and retain those sensors for which H > n. Tne f£irst sensor and
the sensors thus retained, if any, are further referred to as the
"assigned” sensors.

Other tasks to be performed when the cell index or SMF <flag changes are
specified in 3.4.8.5.2.

3.4.8.3.5 Determination of the sensor priority status.

3.4.8.3.5.1 Purpose and description.- The sensor priority status (symbol PS)
shall be a parameter in the data block of each Mode S target in the
surveillance file (3.4.8,2.2). This paramerer may take on either of two values
P (primary) or S (secondary). The PS parameter shall serve as a decision
variable for network management in the determination of Mode 3 lockout status,
and for channel management and data=-link processing in determining whether or
not to perform readout of pilot-originated air-to-ground messages and extended
length message delivery. These decisions shall correlate with the PS values as
follows: Mode S lockout (whether full or intermittent), readout of
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CALCULATION OF CELL INDEX I,

Let:

o and @ represent the measured target position, (16 bits for range in
Ru, 14 bits for azimuth in Au).

81, 82, and 84 represent the quancized azimuth-fields made up of the 6,
S, and 4 most significant bits of 8.

X; and X, represent the quaatized range-fields made up of the S and 6
most significant bits of p. .

The Cell Index I shall then be obtained via the algorithm:
1€ (Xy =8 = 1) 20, 1 =647+ 690+ 0.

Otherwise,

1f (X, -8 =2) 20, 1 =662+178+8,.

Othervise,

1f (Xp = 4 = R) >0, I =32R+50¢+ 8,

Otherwise,

{f (X -1=Q 20, 1=16Q+2+ 863

Otharwise,
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pilot-originated Comm=B messages, delivery of Conm=C megsages, and readout of
pilot-originated Comx-D (ELM) messages shall be provided only if PS=p, Rules
for determining PS value shall depend upon the target control state as
expressed in the parameter UC of the target status file (3.4.8.2.2), For
controlled targets (UC=C), the PS value shall bhe determined solely frum an
assignment contained in a message from an ATC facility (3.4.8.3.5.2). For
uncontrolled targets (UC=U), the PS value shall be determined frum the
coverage map (3.4.8.3.5.3) and, in certain cases, by a coordination procedurs
(3.4.8.3.5.4). For new targets, whose conttrol state is not known, a procedure
for assigning both UC and PS is given in 3.4.8.3.5.5.

3,4.8.3.5.2 Controlled taryet case.- The PS value for a controlled carget
(UC=C) shall not be changed except upon receipt of a Moue S aircraft contrul
state nessage frow an ATC racility which ldeatifies the particular Hode 35
target. If such a message assigns the value nrimaty or secondary tu the
target, its PS value shall be set accordingly and {ts UC=C shall be retained.
1f the message assigns the value uncontrolled to the target, UC shall bpe set
to U ang the procedure ot 3.4,.8.3.5.3 shall be follnwed.

3.6.8.3.5.3 Uncontrolled tarpget case.~ The PS value for an uncontrolled
target (UCeU) shall be determined by reference to the coverage amap. PS shall
be assigned P or § according tov whether the local sensor is listed as the
first sensor (highest priority) for the cell or not. In this determination and
in further procedures for assigning prisary, any sensor in a current failure
condition snall be omitted from consideration. Use of the c¢cnverapge wap to
determine PS for a particular uncontrolled target shall be preeapted 1if an
aircraft control state message is received which refers to that target. In
that event, the procedure of 3.4.8.3.5.2 shall be used to update UC and PS. If
such 2 message assigns UCsC and PSeP, and the CSF flag is set, the special
procedure of 3.4.8.3.5.6 shall be exeacuted. In the absence of such a message,
PS shall be updated as part of the routine tasks associated with boundary
crossings.

In certain cases further procedures shall be followed. These procedures shall
be exeacuted whenever both of tne following coanditions apply:

(a) a cell boundary crossing has occurred and the PS value for the new map
cell differs from the PS value in the target status list.

(b) the connected sensor flag (CSF) i{s set.

If both of these conditions apply, the processing continues as specified in
3.4.8.3.5.4., Otherwise, the PS determinaZion is complete.

3.4.8.3.5,4 Coordination procedures.- if the map value 1s PS=P and cthe (old)
target list value is S, a coordi-ation ctransaction shall be initiated by
setting the coordination in oprogress flag and sending a primary coordination
message to each connected assigned sensor. These messages shall contain the
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valae “request for peimdry™, which anticipates replies of Che same aess.aye
tvpe. Pending receipt of thwese replies, Psms shall Se retained. Tf all replies
concaia the value “priadry  assignaent approved”, PssP suall be assied. Ut
any teply contatas che valae “primary assignaent disapproved”, PS=s  saall de
assigned. while replies are pending, 3 @essdge ANV be recefived wnich concatas
“requess tof priaary” with respect Lo the same target. (This could occur in
the case Of 3 few  CTJ4SK origiaatiag {a an ared of primary overlap on the
soverage aap.) In tils case, che respoase siall de To send 4 messate cottatinage
approval ot disapproval accordiag to the value of 4 site oprecedence parimeler,
Tais paraneter shall de 3 pare of site adaptation, aund ic stiall  indicate a
arecedence orderiaxg of all adizceatr connected sensors. 1f, for every adjacent
assigned sensor either a) a disapproval "as  been senl OT b) an  approval as
ween received, then ?3=2 snall oe assignes; vtherwise, 75#3 shall Dde ratained,
“hes PS  nas Deen deteraiqed according o these rules, Cthe covrdiiation in
srogress flag shall de reset and cie transaction shall he complete, altuour it
=ay Se triggered again when the Ctargel Cros3es another coveraye cell bouadary.

1f the =2ap value L3 P3Ses aad the (oild) targec lisc value is 7, a difterant
coordizazion traasaccion shall oe faitiaced. Ia this case, the coordination ia
progress tlag shall oe sec and coordiaazion message 7ith the value “request
for secondasy” saall de sent co the nighest=prioricy sensor for the cell,
orovided chas seassr i3 connested. The aaticipatad respense 13 a Ressage
consii=nizg the value “primarcy assiznnent accepted”. If suca 4 response is
ceceived, tne PS5 value shall Dde changed co 3. In che absence oOf suc 4
response, the value P saall de retaiaed. The traasaction shall a0t be vapeated
gacii aavzher cell doundary ias heea  cSrodsed. 1f the haighest=priority sensor
assigned i3 ot coanmdsted, the a7 value 5 snall mhe caken without Jany
coordi=ation azteznt. The coortdination (n progress tlayg, CIP, shall Dbe reset
<hea PS nas been Jdecer=ined according to Chese tules.,

The responses 5 1acoaing coordination 323sdges {ocher than anticipated
response dessages Jescrided above) shall oe as fallows:

1f a oessage {3 received with "reques: for primary”, the Tespouse shall

dedend on the tréck 3state, PS state, and LC state:

\2) If che c:arget i3 uaknown (a0t in tne surveillance file), a reply
aessdge snall de saat with the value "prizary assignnent approved”.

%) If the cargez i3 on file but not ia ctrack scate s;» and tae
soordiaacion {2 progress Ilag is aot set, PS=5 shall be assigned and
a Tedly message shall be sent wizh the valie “primary assizanent
apptoved”, srovided that the targjet {3 not controlled primary.

.~
1]
ot

1f the target 1s ia ctrack state §, with PS=P, or {s ia track state
agz 5. witw PS=P and wCsC, a raply oessage shall de sent with the
vas.ae “primary assiznnent disapproved”.
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To achieve the durations LD and UD of actual locking and unlocking of the
transponder, it 1is necessary to consider also the time-cut period of the
lockout state, nominally 18 sec.

T = transponder Mode S lockout time=out, in scans, i.e.

18 sec

T =
Sensor scan period, in sec

(If T is a fraction, the value shall be rounded up to an integer.)

The nominal lockout cycle shall be represented by the following sequence of
commands:

Unlock: DL=0 for UD+T scans.
Lock: DL=1 for LD~T scans.

To prevent arbitrarily prolonged lock and unlock periods under non-nominal
conditions, the following limiting values shall be used:

Maximun Lock Duration (LDM)., LDM = LD + (2*UD) -~ 1 scans.

Maximum Unlock Duration (UDM)., UDM = (UD + LD) * K scans, .
vhere K = 1 (1-3, l)c

3.4.8.5.4.,4 Intermittent lockout processing.~ A target newly assigned co the
intermictent control state shall always be initialized by beginning an unlock

period: secrting DL = 0, unlock count ULC = 1, and all=call count AC = 0.

For other targets in this state, an update shall be performed according to the
following rules:

For targets presently in an unlock period (DL = 0), the unlock count ULC shall
be incremented by l. If the count ULC then exceeds the unlock duration maximum
UDM, the period shall be ended by initisting a lock period. If the wmaximunm is
not exceeded, the all=call flag, AF, shall cthen be read. If AF = 0, the
all-call count AC, shall not be incremented and the processing ends. If AF = ],
AC shall be incremented by 1 and then tested to see if it has reached the
nominal unlock duration UD. If AC is less than UD, there shall be no further
action and the unlock period shall continue. If AC = UD, the unlock period
shall be ended by initiating a lock period. (A lock period shall be intciated
by setting DL = 1 and LC = 1). '

For targets presently in a lock period (DL = 1), the lock count LC shall be
incremented by 1. If the count LC does not exceed the lock duration LD (with
allowance for timeout T), no further action shall be taken and the lock period
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The area of the required zone is dvnamically changeable (3.4.8.3.4.4). The requirec
zone. and hence the ATCRBS/radar range mask corresponding to it, used under norma:
operating conditions., is part of the general map-description given the concraczor
That mask table will be termed standard. For operating conditions during an adjacen:
sensor failure, the standard required zone (and the mask) is enlarged in an attemp:
Co maintain a constant multiplicity of coverage over the total area for which che
Mode S nerwork is responsible. This enlargement is accomplished by reading the
sensors from the coverage map in the special mode (3.4.8.3.4.4). As soon as che
performance monitoring function declares the failure mode for an adjacent sensor.
this special mode shall be adopted and a new mask table shall be set up by cthe
routine described below. This mask table shall then be used as long as the failure
persists. The standard mask table shall then be reinstared when normal operations
resume.

The routine used to set up the new mask table consists of establishing the range of
the (enlarged) required zone of the local semsor for each of 64 azimuth wedges. To do
this, the maximm cell index for the given wedge must be determined for which =he
local sensor is among the MNAS first sensors (ignoring the failed sensor(s)) listed
in the coverage map. The outer range of that cell shall be the value entered in the
mask table for the given azimuth wedge.

2.4.8 4.1 Descrineion.- Messages exchanged between comnected sensors for purposes of

network management shall be defined as network concrol messages. Cormected sensors in
the network shall cooperate and coordinate their actions through the exchange of
network control messages. The specific conditionms, triggering message exchange, are
the major topic of 3.4.8.5 through 3.4.8.9. This section defines each message and its
componencs. The necessary formats and contents shall be as specified in Table 3.4 8-
4,

The table format is read as follows. Message bit mumbers represent required field
length, and are placed under the message formats. Field bit length are in (---) if
Tequired length. Field bit lengths are in (- ') if minimm length. Bit numbers,
except 1, are left off any messages with the bit length specified this way. Spare
(zero) bits and data bits added to fields, may be used for field aligrment as long as
the average overhead, due to these bits, is not greater than 20 percent.

The typecode assignments for these messages are found in 3.4.8.12.2 and 3.4.8.12.6.3.

The sensor shall maintain a site adaptable table of correspondence bectween 10 bit
adjacent sensor IDs and the ATC commmications links. This table shall indicate which
ATC commmications link is to be used for commmications with any given adjacent
sensor. Any one adjacent sensor shall be assigned to only one ATC commmications
link.

3.4 8 4. o iv ' zvol aisting. - A first group of messages
snall relate to establishing or terminating the flow of track data becween sensors. A
second group shall consist of a coordination message to establish the sensor prioricy
status (3.4.8.3.5.3) for certain situazions. A cthird group shall relate to cthe
management of exceptional track aler: sicuacions. The functional significance of each
of these messages shall be as follows:
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(a) A sensor requests data from another sensor by issuing a data request mes-
sage. The receiving sensor, when able to comply, responds with a data start

message which is then followed scan after scan b

Yy & track data message. Note

that data start and track data messages shall always be based on locally
measured data, and shall not be issued if the track was coasted or updated
with external data. If the receiving sensor was unable to comply, it would
have answered with a data stop message. When the data-requesting sensor no
longer requires external track data, it issues a cancel request to which the
receiving sensor answers with a data stop.

4.8-4

DAIA_BLOCK FORMATS FOR NEIWORK CONTROL MESSAGES

Data Start Message
typecode (8) MODE S ID (24) meas. range (16) meas. azim. (14)
1
range rate (8) azim. rate (8) altitude (12) time-reference (8)
transponder capability, CA (3) RSID (10) SSID (10)
irack Data Message
typecode (8) MODE S ID (24) meas. range {16} meas. azim. (14)
1
range rate (8) azim. rate {8) altitude (12) time-reference (Bf

transponder capability, CA (3)

RSID (10) SSID (10)




T iwW 4 W JW

FAA-E-2716 & AMEND.-2
SCN-15 (Change 21) . -310-

TABLE 3.4.8.8-4(b)

Data Stop Message
| _cypecode | MODE s ID | RSID | sSID |
1 g 9 32 33 42 43 52

Data Request Message
[ typecode l MODE S ID I RSID I SSID I

1 g 9 32 33 42 43 52
Cance] Request Message
code MODE S ID | RSID SS
1 8 9 32 33 42 43 52
Primary Coordination Message

[ typecode | uons SID | Value | RSID | SSID |
1

32 33 3 36 45 46 55

Valus = Request for Primary )
Primary Assigrment Approved °
Primary Assigrment Disapproved
- Primary Assigrment Accepted

Request for Secendary
Controlled Primary Notice

k Ale ess

code HODE s ID RSID SSID
i 8 32 33 42 43 52
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(b) The data request/cancel message may also be sent from a4 user of netted
surveillance data to the local sensor to request/cancel request for
external data. The network management function shall identify the
adjacent sensor which shall receive the data request/cancel message.
The track data siall be routed to the requesting user via cthe local
network managemen:. function.

(¢) The meaning of the primary coordination message was explained in the
coatext of establishing the sensor priority status (3.4.8.3.5.4).

(d) The track alert message shall be used to manage the duplicate Mode S
address condition.

3.4.8.5 Routine network wanagement tasks.

3.4.8.5.1 -Purpose and description.- A series of checks and tasks shall be
pertormed once a scan for each Mode S target. The first check, to be performed
on established tracks oaly, shall be based on the coverage =ap and shall
determine if a surveillance boundary crossing has occurred since the last scan.
If a boundary crossiag has occurred, the resulting change in sensor asgignments
shall require further network management activity as specified in 3.4.8.6. A
second check shall be designed to detect changes in track quality referred to
as target track status transitions (see 3.4.8.2.2(a)). If such a status
traasition has occurred, further network management activity shall occur as
specified in 3.4.8.7. The task of updating Mode S lockout parameters shall be
performed as specified in 3.4.8.5.4.

3.4,8.5.2 Checks related to bouadary crossings and relsted tasks .~ The
following steps shall be executed:

(a) The next Mode S target shall be selected from the surveillance file.
The steps outlined in 3.4.8.3.4.4 shall be followed to determine the
current cell index value. If a cell boundary crossing has occurred
since the last scan, or if any adjacent sensor listed for the cell has
failed or recovered since the last scan, steps (b) and (¢) shall be
omitted and steps (d) through (1) performed.

(b) 1f a Mode S aircraft coatrol state message has been received ¢£or the
target since the last scan, steps (¢), (e), and (f) shall be performed.

(e) 1If che zenith coue flag is currently set for the target, step (i) shall
be performed. If none of the conditions in (a),(b), or (c) hava been
met, tasks under 3,4.8.5.2 are ended.

(d) The set of assigned sensors shall be updated as specifizd , in
3.&.8.3.4.4.
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(e)

£

(g)

(h)

(1)

If the target (s uncontrolled (UC=U), the procedures for updating
priority status given in 3.4.8.3.5.3 and 3.4.8.3.5.4 shall be
followed. 1f the procedures cause & change from § to P, the New ELM
Target flag shall be set to 1.

The setting of the Mode S lockout control state shall thea be updated,
according to the procedure of 3.4.8.5.4. If a failure of an adjacent
sensor has been declared, the secting of the DL bit is, 1in addition,
subject to the rule described in 3.4.8.6.5., If the target is found to
be in a state of persistent track coast, the setting of the DL bit is
further subject to the rule described in 3.4.8.5.3, subparagraph (b).

The set of adjacent assigned sensors, read from the taryet status list
augmented with the local sensor, shall be compared with the set of
assigned sensors found in (d) to detect if a sensor has been added or
deleted. If this is the case further action, as described 1in 3.4.8.6,
shall be taken.

The unconnected seasor flag (USF) and the coanected sensor flag (CSF)
shall be updated according to the current connected/unconnected
indicators of the sensors 1o the updated set of adjacent assizned
sensors, and (for USF) according to the curreat value of UC
(3.4.8.2.5).

The zenith cone flag shall be read from the coverage map. If equal to
one and the target has an elevation angle greater than BE=34 (0~-90, 2)
degrees, the request bit TKR shall be set to one and 8 data request
issued to adjaceat connected assigned sensors (1f not already done).
If the zenith cone flag 1is zero or 1if it is one and che tarjget
elevation angle is less than BEZ, flag TRR shall be set to zero. When
TRR is reset froa one to zeroc snd the other tequest bics TR or IR are
not equal to one, & cancel requast message shall be issued.

If the zeaith cone flag is equal to one and the target has an
elevation greatar than RE=34 (0-90, 2) degrees, then the radar zenith
cone flag RZC sntall be set to one. Otherwise, flag RZC shall be set
€O 2aro.

3.4.8.5.3 Checks related to target track scatus transitions.~ The following
steps shall be executed: i

(a)

The reply-type of the last report and the target track status 3 shall
be read from the surveillance file. 1f § = S,, the reply-type shall oe
checked. If the type indicates external data, the new scate of S5 18
assigned; otherJise, the nev state 1is Sy
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(b) If S = Sh, check if the track has coasted for fewer than N consecutive
scans vhere N = 1 (1-5, 1). :
1f S = S3, check if the reply type indicates external data,
If S = §2, check if the reply=type indicates All-Call.
If S = S1, check {f the reply=type indicates missed reply. If this
check is positive, the Mode S lockout bit (DL) shall be set to zero in
the network management output list.

(c) If any of the checks in (b) are negative, a state transition has
occurred and further actions shall be taken as described in 3.4.8.7.

3.4.8.5.4 Mode S lockout management.
3.4.8,5.4,1 Purpose and description.= The purpose of Mode S lockout management
1s for the sensor to comtrol the lockout state (with respect to ATCRBS/Mode S
or Mode S-only All=Calls) of transponders for which it is assigned primary.
This shall be dome in such a2 way that:

(a) Pull Mode S lock=out (DL=1) shall occur in regions of airspace where
no other sensor has surveillance coverage or vhers coverage is shared
only with coonected sensors.

(b) Mode S lockout shall be intermittent in regions where coverage is
shared with sensors wvhich are not connected (either permanently or
temporarily because of communications failure).

The determination of which of these two conditions applies 1is called lockout
control state assigoment, and the procsdure for performing it 4is given in
3.4.8.5.4,2, If the site=-addressed lockout msode is wused, the rules of
3.4.1.5.4.,4.1(5) effectively override this procedure.

Targets in an {ntermittent leockout comtrol state shall be alternately locked
and unlockad. The parameters for a nominal cycle of intermittent lockout are
defined in 3.4.8.5.4.3. Departures from the nominal cycle shall occur under the
following circumstances:

(a) A nominal 1lock period shall be extended to prevent simultaneocus
unlocking of two nearby aireraft.

(b) A sequence of neardby aircraft pairs could result in an indefinitely
prolonged state of lockout. This low—probability event shall be
prevented by putting a2 maximum on the duration of a lock period.

(¢) A period of unlock comsands shall be continued until actual transponder
unlocking has occurred (as obsserved from all=tcall replies) for the
required number of consecutive scans. This procedure prevents two
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primary ionsors froa effectively denyiang acquisition to a third sensor,
by causing their unlock pariods to synchrounize.

(d) Siace unlock periods are timed by receipt of all-call replies which may
be subject to garbdbling, it would be possible for a transponder to be
left 4in a proloaged unlocked state because valid replies are not
received. This situation 1is handled by putting a8 maximum on the
duration of a period of unlock commands.

The algoritha fot performing incermittent lockout in accordunce with these
rules is given in 3.4.8.5.4.4.

3.4.8.5.6.2 Lockout control state assignmenc.= Duriag routine processing of a
Mode S target {once per scan), lockout coatrol assigument shall oe perfocrmed if
any of these conditions apply:

(s) The target is newly acquired (traansition iato scate S4).

(b) The valus of the target status paramster Mode S lockout managenent has
changed. Lo '

(¢) The primary/secondary status has changed.

1f these conditions do not apply, there shall be no further processing uanless
the target is in an {nrermictent lockout control state. In that case,
processing shall coatinue with an iatermittent update (3.4.8.5.4.4), If a
target does qualify under these conditions, lockout control state shall then be
assigned according to the following rules: :

(a) 12 P8 =3, the state shall be set to fully unlocked, and DL=Q.

(b) 1f PS = P and the current lockout aeanagement parameter value = full
lockout, the state shall be set To fully locked, and DL=l.

(¢) I£ PS =P and the lockout sanagsnent paramstsr © incernittent or
temporary intermittent, the state shall be set to intermittent lockout,
and iatermittent lockout processing 1is entared (initializing case).

3.4.8.5.4.3 Intermittent lockout cycle parauetars.< The nominal cycle for
intermictent lockout shall be defined by 3 pair of parameters: an unlock

duration (UD) aad a lock duration (LD):

0D = 2 (1-3, 1) scans.
LD = 8 (4-16, 1) scans.
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To achieve the durations LD and UD of actual locking and unlocking of the
transponder, it 1is necessary to consider also the time-cut period of the
lockout state, nominally 18 sec.

T = transponder Mode S lockout time=out, in scans, i.e.

18 sec

T =
Sensor scan period, in sec

(If T is a fraction, the value shall be rounded up to an integer.)

The nominal lockout cycle shall be represented by the following sequence of
commands:

Unlock: DL=0 for UD+T scans.
Lock: DL=1 for LD~T scans.

To prevent arbitrarily prolonged lock and unlock periods under non-nominal
conditions, the following limiting values shall be used:

Maximun Lock Duration (LDM)., LDM = LD + (2*UD) -~ 1 scans.

Maximum Unlock Duration (UDM)., UDM = (UD + LD) * K scans, .
vhere K = 1 (1-3, l)c

3.4.8.5.4.,4 Intermittent lockout processing.~ A target newly assigned co the
intermictent control state shall always be initialized by beginning an unlock

period: secrting DL = 0, unlock count ULC = 1, and all=call count AC = 0.

For other targets in this state, an update shall be performed according to the
following rules:

For targets presently in an unlock period (DL = 0), the unlock count ULC shall
be incremented by l. If the count ULC then exceeds the unlock duration maximum
UDM, the period shall be ended by initisting a lock period. If the wmaximunm is
not exceeded, the all=call flag, AF, shall cthen be read. If AF = 0, the
all-call count AC, shall not be incremented and the processing ends. If AF = ],
AC shall be incremented by 1 and then tested to see if it has reached the
nominal unlock duration UD. If AC is less than UD, there shall be no further
action and the unlock period shall continue. If AC = UD, the unlock period
shall be ended by initiating a lock period. (A lock period shall be intciated
by setting DL = 1 and LC = 1). '

For targets presently in a lock period (DL = 1), the lock count LC shall be
incremented by 1. If the count LC does not exceed the lock duration LD (with
allowance for timeout T), no further action shall be taken and the lock period
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shall continue. L[F LE excueeds the maxinum lock duratlon LHHA, the perlod snal)
he ended by tnltiating  an unlock pertod. U LG s Less than or equal  tao LN
but exceeds the duration LI, cvither outcome may vceeuar dependling un the resule
of a proximity Loest. :

The proximity Lest is a search for any other Mode 3 tarpgets  satisfyiuge the
followlinyg conditions:

(a) The tarpget has an aztmuth value which {5 less chan that ot Che tar;set
in process by not more than  8A. (all such targets  will  have nees
recently updited by network manariemcnt), The valase far A shall e the
eftective malnlobe width ot the llede 5 antenna,

(b) The target has 4 range value which is  witnin * 4R uf the rtar.cl QAo
process. The valie for AR shall be the distance rorrespondi i Lo the
duracion of an a l=call reply (A4 usee or 219 Ku).

(c) The tarpet Ls in an intermitrent lockout state with either 1) Wl =1
and LC D LD = U =T+ 1, or 2) .= 0 and ULC € UD. (This ennaition
defines the time in which simultaneous unlocking eonuld oeceur.)

1f any tarpet is found for which all three of these cnnditlons ar« satisfied,
the lock period is continued. Otnervise, an unlnck period is started,

3.4.8.5.5 Other routine network management tasks.

3.4.8.5.5.1 Issulng track data messares.- Track data shall be sent o each nf
the sensors in the out—-list once each scan.

The following steps shall be executed:

(a) Flag OSE in the out-list shall be checked to see if the entry belonis
to the request outstandiny list. If it does not, 320 U» (). [f it
does, the expiration counter value OEC snall he checkerd azainst a
threshold value OECT = 5 (2 - 8, l). If OEC € DECT, one shall be added
to the counter. If OEC > OECT, the entry in the out-list shall ne
erased.

(b) A track data message (3.4.8.4) shall be issued to the sensor(s) ia the
out-list, unless that sensor was added this scan (in which case a data
start message was already issued), provided that the target trace
status is S,

3.4.8.5.5.2 Servicing incoming network control messages.- Each sectnr
(3.4.6.1.1.4) the network control input huffer -shall pe emptied and action

taken as described in 3.4.8.8 and 3.4.8.9.

3.,4.8.5.5.3 Not used.
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3.4.8.5.5.4 Alert message initiation.~ Once each scan, the following
operations shall be performed on each entry in the duplicate address alert
table (DMT, 3040609-‘, see also 3-‘508.804.7).

(a) CTR; and CTR, shall be incremented by one if they are not already at
their maximum value.

b) CTR; and CTR, shall be compared to CTRTH = 3(2-5,1).
( 1 2

(e¢) If either or both of the two counters equals or exceeds CTRTH, a
check of the active control flag (ACF) shall be made., If ACF = 1, it
shall be set to zero. If ACF = 0, the entry in the DAAT shall be
erased.

(d) 1f both counters are less than CTRTH, the coverage map shall be
accessed for both positions listed in the DAAT entry and a track
alert message shall be issued to all sensors listed there. A similar
track alert message, specifying the positions of both targets, shall
be issued to all connected ATC facilities.

3.,4,8.6 Handling of surveillance boundary crossings.= 1f the routine checks
on sensor assignment (3.4.8.5.2) have concluded that the new set of assizned
sensors differs from the set found in the previous scan, the tasks described
in this section shall be performsd. Pirst the “type” of boundary crossing
(3.4.8.6.1) shall be determined and action taken accordingly (3.4.8.6.2). A
simple permutation of assigned sensors is here not considered as a boundary
crossing. For the purposes of this sectiou, only remote sensors which are
connected with the local sensor shall be considered.

3.4.8.6.1 Types of bouadary crossings.- Leat capital letters identify
sensors, with A representiang the local sensor and B, C, D, any remote
sensors. The design of the coverage wmap allows the following type of
transitions that can be detected by local sensor A:

TYPE TRANSITION

(a) Addition ' A+ AB, AB + ANC
{b) Deletion of remote sensor AB + A

(¢) Deletion of local sensor BCA <« BC

(d) Combination (delerion of ome AB <+ AD

remote and addition of another)

(e) Combination (deletion of local CA =+ CD
sensor and addition) ‘
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3.4.8.6.2 Action for each type of boundary crossing.

(a) For transitions where a new sensor was added (a,d,e) and the track
status is §,, an eatry shall be created or an exiscing entry chaaged in
the out=list for the target ID and the given sensor. A data starc
pessage saall be issued. The new set of assigned sensors is written in
the target status list of the surveillance file, except in circumstances
as discussed in 3.4.8.6.3.  For cypes (d) and (e) the additioun of a
sensor is done before the deletion is considered. If the track status
is Sy, 3 data request message shall he issued to the added sensor.

(b) For transitions(c) and (e), where the local sensor is to be deleted, a
check shall be made to decternine if cthe local seusor is providing tracs
data to other sensors (i.e., an active entry in the out=list exists).
1f not, the total encry ror the given lode § target shall pe erased fron
the surveillance file, 1f tne local seasor is actively providing tracx
data to another sensor, 0o furtner action shall de taken on delacions.
1f the local sensor was receiving track data, a cancel reguest nessage
shall be issued to all sensors in the in-1ist. The new set of assizned
sensors together with the cell index and the mode to be written ia the
target status list of the surveillance file are the ones found <fron the
MP (30408-5-2) »

(e) For transitions (b) and (d), whers a remote sensor is to be deleted, a
check shall he made to deteraine {f that remote seasor 1s actually
receiving, on its request, daca from the local sensor (RR set). If the
request bit RR for that sensor is not secC, {ts 1ID is erased from all
network management lists of the surveillance file. If the rewoce sensor
was receiviag unrequested track data, a data.stop shall pe issued. 184
the local sensor vas receiving track data from this remote sensoc, a
cancel request message shall be issued to that sensor. If request bic
RR was set, that remote sengor was actively receiving track data; it
shall then remain assigned (ctogether #ith the newly found set of
assigned seasors).

3,4.8.6.3 Overload conditions .- The new set of assigned sensors. che new aode
a0d the nev csll index, found in the routine casi:s (3.4.3.5.2), shall not be
wricten over the previous data in the carget status list Lf, for some r2ason,
(overload of output buffers or communications liaes), the data start message
cannot be output. The bhoundary transition will chen persist, possibly over
several scans. Such overload could occur in the case of recovery of an adjacent
sensor following its failure as described in 3.4.8.6.4.

3.4.8.6.4 Sensor recovery.- The recovered sensor (referred to as sensor 3)
shall issue an OX=-status oessage ¢to all connected sensors. The adjacent
connected sensor (referred to as sensor A) reinsctates its “normal mode” of
using the coverage map (3.4.8.3.6.,4), 1t will thereby detect a poundary
transition for all targets in cells affected by the change fron "special” to
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“normal” mode. The number of boundary trausitions could pessibly be so large
that the resulting number of data start messages to wsensor B would cause a
conmunications overload condition. The number of messages sensor A issuyes shall
therefore be limited to a number comparible with a "buffer full” conditinn, ¥or
the targets for which a data start was 1ssued, track data messages shall be
issued every scan until sensor B8 has successfully established track and has
sent a cancel request., Sensor A will then be ahle to issue more data starts at
the rate sensor B3 issues cauncel requests. Stimulus for a data start on a new
target, not vet serviced, will persist due fo the fact that the values for cell
index, mode and the old set of assigned sensors are not being overwritten. The
recovered sensor handles data start messages as descriped in 3.4.8.3.

3,4.,8.6.5 Remote sensor failure.~ When the performance wonitoring function
declares an adjacent sensor failure, tasks including the followiny shall be
performed:

(a) The coverape map shall de used in the special wde as deserived in

3.4.8‘3.“.‘.
(b) The new ATCR3S/radar range mask shall be determined as described in
3.,4.8.3.6.
3.4.8.6.6 Communications failure and recovery.= When the performance

monitoring function declares a sensor-to—sensor comounications fallure or
vecovery (3.4.10.3.4.2), the connected/unconnected indicators for the sensor
affected and the unconnected and connected sensor flags (USF and CSF) shall be
appropriately updated. )

3,4.8.7 Handling of target crack status transitioas.

3,4.8.7.1 Purpose.- A rarget ctrack status transition detected on a routine
check (3.4.8.5) shall be a trigger for network activity. This section describes
specific action to be taken for each status change. Unless otherwise stated,
all actions relating to adjacent sensors refer to connected sensors oaly.

3,4.8.7.2 Possible track status transitions.~ Figure 3.4.8-3 lists the
transitions possible and identifies Cransitions to be considered for action. An
artificial status category 1is introduced corresponding to a nonexisting track
in the local surveillance file to simplify the description.

3.4.8.7.3 Action on status transitions.- Checks for status traansitions shall
be made routinely as was described in 3.4.8.5.3, Transitions out of status
categories §;,57,55,5, require action described in this section.

3.4.8.7.3.1 Transition out of status $S;. —1f the reply type found is external
data, the new status shall oe set to 53, with no further action., If the reply
type found is roll-call, the new status shall be set to S, (see also

3.4.8.7.3.3). If the reply type found is All-Call, the new status shall be set
to S’)l
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3.6,8.7.3.2 Transition out of status S3.- If the reply type found is
roll-call, the new status shall be set to S, (see also 3.4.8.7.3.3). If no data
were received (from any source) the status reverts to S1.1f the request bit
TR was not already one, it shall be set to one and a data request shall be
issued. If TR is already set to one, a search shall be made of the in-list to
find any sensor in addition to the one which has been supplying data (i.e.,
whose flag IF is set). If there is a sensor listed whose 'flag IF is not set,
its flag shall be set and the others cleared.

3.4,87.3.3 Ixansition into status S,.- Every time a transition into status
Sy occurs, the flag OSE in the out-list shall be checked. If OSE = 1,
signifying the entry belonged to the request outstanding list, it shall be
reset to O and a data start message shall be issued to the sensors listed
there. Every time a transition into S, occurs (specifically a transition
S1 =S4, S3 =S,;) the request bits TR, TRR, and IR shall be checked. Bit TR
shall be set to 0. If TRR=0 and IR=0, a cancel request message shall be issued
to the sensors listed in the in-list (if any). (See also 3.4.8.9.2). If TRR=l
or IR=]1, no action shall be taken.

A transition into S, shall always trigger a lockout control state assigrment
procedure (3.4.8.5.4.2), and a determination of ATCRES ID code. ATCRBS ID code
shall be obtained by setting Al=l in the surveillance file with the -associated
sender ID field set to all zeros. The effect of this step shall be to cause
the interrogation of the target for the curremt ATCRBS code value and to
disseminate it to all appropriate facilities unless it is identical with the
value previously stored (and disseminated). :

If the value of basic data link capability (CA) on file is not zero, the
capability request flag CAP shall be set in the target status list. (The effect
of this step shall be to trigger an interrogation for extended capabiliry data.
If the target is new, or if the data have changed they shall be appropriately
disseminated). If the file value of CA is zero, the CAP flag shall not be set,
but a data link capability message shall be sent to all appropriate facilities,
provided that the target is "new". A new target, for this purpose, shall be one
~for which a data link capability message has never been disseminated. If
the target is not new, no further action shall be taken.

Also, a transition into S, shall cause the value "no previous broadcast
message” to be entered in the broadcast message mmber field (3.4.1.6.5.3.7.2)
of the surveillance file, and shall cause the "new roll-call target" flag to be
set.

4 4 .- 1f it was found that the track had
been coasted for N (3.4.8.2.2) or more consecutive scamns, the target track
status S shall be set to S;. If an entry does exist in the out-list, flag OSE
shall be set (thus transferring the entry to the request outstanding list) and
a data request message issued to all assigned adjacent sensors not in the
out-list, if not already done, and bit TR is set equal to one. See also
3.4.8.9.1. I1f the reply type found is external data while the “track is
coasting, the new status is S3. The sensors put in the request outstanding list
shall receive a data stop message.

If the reply type found is all-call, the new status is So. Sensors in the
out-list shall be transferred to the request outstanding list, and shall
receive a data stop, but data requests shall not be issued.
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3.4.8.7.3.5 Transition out of status S,.= If the reply type vas found to be
equal to roll-call, the status shall be set equal to S, and the procedures of
3-‘.8.7.3.3 followed.

1f the reply type was found to be equal to external, the new status shall be

53. !

If no reply of any type was found, a coast count is initiated as in 3.4.8.7.3.4
and the status shall be changed to S; if the track coasts for N consecutive
scans. 1f 51 is assigned, TR shall be set to one and & data request issued, as
11\ 306.8.7.3.20 !

3.4.8.8 Adidacent senior inputs.

3.4.8.3.1 Purpose.~ The purpose is to take appropriate action in response to
an incoming network control message from an adjacent sensor. That sensor could
{ssue such a message because of a8 change in sensor assignment (3.4.8.6) or to
coordinate track data exchange in case of a track status change (3.4.8.7) or in
" response to a message received from the local sensor.

3,4.8.8.2 Inmputs.- Tie inputs shall be any of the set of network control
messag:s discussed ia 3.4.8.4 and the information stored in the networ
managedent lists described in 3.4.8.2.

3.4.8.8.3 Outputs.= Actions and outputs depend on the specific type of network
control message received (see 3.4.8.8.2). Outputs shall be network control

messages and updates of the network management lists.

3.4.8.8.4 Action for individual messages.- The <first step shall be ¢to
Tecogrize the message type code and take action accordingly as now specified.

(For type-code assignment see 3.4.8.12)

3.4.8.8.4.1 Data start message.~ The following actions shall be taken:

(a. Check if a track exists in the surveillance file for the given Mode S
ID, (L.e., if the target is known to the local sensor).

(b If mo such track exists, the Mode S address of the data start message
shall be checked against the duplicate address alert table (DAAT)
(3.4.6.9.4). If the Mode S address is contained in DAAT, then the data
start message shall be discarded. Othervise, the position report which
is part of the data start message shall be coordinate converted, time
adjusted, and a new entry 1in the surveillance file shall be created
with status S=5,," and CA (basic data link capability) = the value in
the data start message (3.4.6.11). Other flelds shall be {nitialized

as in 3.4.6.9.3.
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(e)

(d)

(e)

If a track exists, then & ressonableness check (as specified {in
3,4.6.8.4.2) shall be performed between the external and the local
track positions. If the data start message fails the reasonableness
check, then an entry shall be created in the DAAT table (3.4.6.9.4) and
the track in the local surveillance file shall be dropped. If the data
start message passes the reasonableness check and the local sensor did
not request track data (request bits not set) and the track is well
established (track status S equal S,), a cancel request messaze shall
be issued to the sender of the data start message and the repor:
suppressed. Otherwise, the sender ID shall be added to the in-list and
further action as in (d) shall be taken.

A check shall be made in the in-list to see {f track data are already
being received from another sensor for the same target (IFs=l). If so,
the IF flag of the sender of the new data start shall be set to O and
the report suppressed. Otherwise, the IF flag shall be set aqual to 1
and action taken as in (e). .

If track status S®#5,, a coordinate-converted version of the report
shall be forwarded to the surveillance processing functioa. If SeS,,
further processing depends on bits IR and TRR. If IR=l, a copy of the
report shall be sent to the requesting user. In any case {f TRR=l, a
coordinate—converted copy of the report shall be stored in a special
data buffer referred to as the zenith cone data buffer. In all other
cases, the report is suppressed.

3.,4.8.8.4.2 Data reguest n.nlqgg.-‘The following actions shall be taken:

(2)

(b

(¢)

Check if an entry in the surveillance file exists for the given Mode S
ID. )

I1f no such eantry exists, a data stop message zhall be issued o the
sender of the data reques: message.

If an entry does exist, action shall depend on the track status, S. If
S#S,, a data stop pessage shall be issued and an entry created in the
request outstanding list with RR = 1, If SeS;,, a data start message
shall be issued and the ID of the requesting sensor added to the
out=list with RR = 1, When a data request is received while track data
are already being provided to that semsor, it shall be ignored.

3.4.8.8.4.3 Data stop message.~ The sensor ID shall be erased if it was part

of the i{n-list for the given Mode S ID. In the latter case, if the local sensor
had requested data and if the IF-flag was one for that sensor and another
sensor 1is listed in the in-list, its IF flag shall be set to one to insure that
track data from that sensor, which were already available will be forwarded to
the local tracker, other requesting user, or both, as indicated by the setting
of the request bits. A data stop message on & target not contained in the
surveillance file is ignored.



—_—— 4 f b e el e G WS W WA s - v s

FAA-E-2716 =324~

3,4,8.8.,4.,4 Cancel request message.= The sensor ID of the sender shall be
erased from the out-list, if present, and RR put equal to zero and a data stop

issued to that sensor.

3.4.8.8.4.5 Track data message.- A check shall be made to determine L{f a track
with this address exists in the surveillance file. If so, then a reasonableness
check (as specified in 3.4.6.8.4.2) shall be performed between the external and
local track positions. If the track data message fails the reasonableness
check, then an entry shall be created in the DAAT (3.4.6.9.4) and the track in
the local surveillance file shall be dropped. If the track data message passes
the reasonableness check then the decisions to be made are whether to use the
track data and if so where to send them. If the in-list is empty, the ID of the
sending sensor shall be placed in the in-list with [F=], 1f the in=list has a
sensor in it with IF=l but not that of the sending sensor, the message
processing shall be discontinued.: Lf the in-list contains the ID of che
sending sensor, examine bit IR. If S=5, and IR=l, the report shall be sent to
the requesting user. If track status 5¥S;, the report shall be coordinate
converted and forwarded to the track data processing function (3.4.6.11) for
updating the track. If S=S, and IR = O, the TRR bit shall be checked. Lf TRR=0,
a cancel request shall be issued. If TRR=l, the report shall be stored in the
zenith cone data buffer. If the address does not exist in the surveillance
file, then the DAAT shall be checked. If an entry with this address {s not
entered in the DAAT, then a track shall be {nitiated as specified for a data
start message (3.4.8.8.4.1). If an entry does exist in the DAAT, then the track
data message shall be discarded.

3.4.8.8.,4.6 Primary coordination message.- This message shall be used as input
to the sensor priority decision procedure (3.4.8.3.5.4 and 3:4.8.3.5.6). This
procedure alsoc defines the response message to be sent.

3.4.8.8.4.7 Track alert message.- A check shall be made to determine if the

Mode S address of the track alert message i{s in the DAAT. If it is, then the

ACF flag (3.4.6.9.4) shall be set equal to one. Otherwise (a) any existing

track with this Mode S address shall be dropped and (b) an entry shall be

?gea:ed in the DAAT with ACF equal to one and CTR; and CTR, equal to CTRTH + 1
.4.8;5.5.5).

3.4.8.8.5 Conversion of remote sensor coordinates.- When a data start or track
data message is received, the position and velocity in the message are
expressed in the coordinates of the remote sensor whose ID is also part of
the pessage. The position is expressed in seasured slant range, azimuth and
altitude; the velocity in range-rate and azimuth-rate as derived by the
surveillance processing function at the remote sensor. The purpose of the
coordinate conversion 1s to express position and velocity in the coordinates of
the local sensor.

The following set of equations expresses the coordinate conversion. The
parameters a, b, £, and h in the equations are selected based on the ID of the
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remote sensor. The values of a and b, expressed as two-way range in Ru,
represent the position coordinates of the remote site with respect to the local
site, using a Cartesian coordinate system with origin at the local sensor but
with axes parallel to the remote site North-South and East-West axes (see fig.
3.4.8-4). The values of hl and h are respectively the local and remote sensor
elevarions above mean sea level expressed in two—-way range units (Ru). The
value of [ expresses the north misaligmment between the sensors, with S being
positive if the remote site is east of the local sensor and negative if the
remote site is west of the local sensor. The magnitude of S is always < 8192 Au
(180 degrees). All distances in the equations shall be in two-way range,
expressed in Ru, and all angles in Au.

The local coordinates (pl, 91, Hl), and velocity components (;.,1, él) shall then
be obtained from the remote position and velocity coordinates (p, 8, B, ;,, 8),
with H the reported aircraft altitude expressed in Ru, using the equations:

m=H - h,

Pg SQRT(pZ - m2)

b
N

a+pg sin 8

-]
[ ]

b +P8 cos 8

—
"

b SQRT (A2 + B2)

s =H - hl

SQRT (A2 + B2 + s2)
513 .
gl = =B+ =~ * arctg A/B

©
—
[

1f£gl <0, gl mgl + 214

Hl = H
Let ¢=0l+ 3 -6
pl
. g p s’
then pl = e[ == p cos ¢ + Pg @ — sin & ] Kr in Ru/scan
pl Py 213 ‘

A2450/mabl6/615/14
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3 1 . . P 213
= -1 ¥4 Gcos¢-P;--;-sin¢) Kr in Au/scan
Pg 9
where Ky = local semsor scan period
remote sensor scan period
NORTH (S4) NORTH (55)
' A
7
—~" 7
- ~ J
/
-/
§ /F
152

Sy : LOCAL SENSOR
S, : REMOTE SENSOR

FIGURE 3.4.8-¢4
COORDINATE TRANSFORMATION
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The square root and trigonometric functions shall keep approximation errors to
less than 1/4 us (4 Ru) in range and 0.088° (4 Au) in azimuth for the position
and 1 Ru per second in range rate and 1 Au per second in azimuth rate for the
velocity. ,

3.4.8.9 User inputs.- The action to be taken at reception of a network
control message from a user of surveillance netting data 1s as specified in
the following subparagraphs.

3.4.8.9.1 Data request message.- This message, received from the user through
nessage routing management (3.4.8.12), signals to the network management
function that external track data are requested. Request bit IR shall be set
equal to 1 in the target status list and a data request message issued to the
assigned sensors listed in the target status list, if not already dome for
other reasons. Prior to the coordinate conversion of 3.4.8.8.5 the remote
surveillance data shall be sent to the user using the surveillance formats of
3.4.6.14.2.

3.4.8.9.2 Cancel request message.~ This message, received from the user
through mess:ge routing management, shall signal to nétwork management that
the user no longer requires external data. The request bit IR shall be reset
to zero and a cancel request shall be issued to the sensors listed in the
in-list, unless track data are still wanted for other reasons (TR or TRR
set).

3.4.8.10 Handling of network control output messages.- Each time a network
control message is to be used, the desired message shall conform to the
structure specified in 3.4.8.4.

3.4.8.11 Intersensor track data exchange for ATCRBS.

3.4.8.11.1 Purpose.- This function shall handle the exchange between
connected sensors of track data on ATCRBS targets having wode C capability. A
request for such data exchange shall be <triggered either by the entry of the
target in the zenith cone of the local sensor, or as a result of the target
going into a fade, or as a result of a user request. The mechanism for track
data exchange shall be similar to that for Mode S. Its essential components
shall be (a) a procedure to detect the need for a data exchange, (b) a set of
messages to request, cancel, start and stop the track data flow, and (c) some
bookkeeping procedures.

The coverage map shall be accessed for ATCRBS targets only when the need
arises to determine where to send the request for data.

A2450/mabl6/615/15
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3.4.8.11.2 Detection of the need for data exchange.

3.4.8.11.2.1 TFade condition.~ A £ield in the surveillance file called track
status S(2 bits) shall be routinely updated and checked. Status value S=Sj
shall indicate normal tracking conditions, $=Sq that the track 1s maintainad
on external data, S=S, that the track is in an extended coast condition
Jefined as the fact tnat track firmness £ 2 FEC = 3(2-5, 1). A tramsition
Sp2—S; shall cause an ATCRBS data request message to be issued to the best
remote assigned sensor, as can be determined from the coverage map. A
transition S3 — S, shall trigger an ATCRBS cancel request, unless the TRR or
IR bits are set (see 3.4.8.11.2.2 and 3 and 3.4.8.11.4.2.1). Network
management shall remember that it issued or cancelled a data request by the
setting of the TR bit in the track record.

3.4.8.11.2.2 Zenith cone condition.- The zenith cone condition sets up a
track data exchange in anticipation of a target fade. As part of the track
status update, a check shall be made to determine if the target is within a
range of ZCTHR = 210 (2102211 210y Ry and at an elevation greater than BE (as
defined in 3.4.8.5.2, subparagraph (1)), these two conditions defining the
extent of the zenith cone. If the target is in this cope, ATCRBS data must be
requested from the best remote assigned - sensor, as determined from the
coverage map. Network management shall remember its request by the setting of
the TRR request bit in the track record. When the bit is first set equal to
one or when it is reset from ome to zero, this resetting shall trigger an
ATCRBS data request or an ATCRBS cancel request, respectively, unless
superseded by a fade condition or a user request for data. '

If the target range is within ZCTHR and at an elevation greater tham RE
(3.4.8.5.2, (1)), the radar zeanith cone f£flag RZC shall be set to one.
Otherwise, it shall be set to zero.

3.4.8.11.2.3 User request for ATCRBS data.- When a user of surveillance
netting data addresses an ATCRBS data request/cancel message to the senmsor,
network management shall remember this request by the setting of the IR bit in
the target status list of the track record. It will issue an ATCRBS data
request to the best remote assigned sensor(s) or issue an ATCRBS cancel
request, unless the fade-bits TR or zenith come bit TRR are set. Prior to the
coordinate conversion of 3.4.8.8.5 the remote surveillance data shall be sent
to the user using the surveillance formats of 3.4.6.14.2.

3.4.8.11.3 Network management messages for ATCRBS data exchange.

3.4,8.11.3.1 Functional significance.- An ATCRBS data request message shall
Tequest data from the addressed sensor on the target identified in the
message. If the receiving sensor can unambiguously identify the target. in its
local surveillance file (as specified in 3.4.8.11.4.2.1), it shall answer with
an ATCRBS data start message. The receiving senscr shail continue ¢to provide

A2450/mabl6/615/16
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data each scan until such time as an ATCR3ES cancel request message is received ar ==e
sensor is no longer able to provide data. In either case, the receivingz semsor sma..
issue an ATCR3S data stop message. If the sensor is unabie to uniguely identif =ne
target in its local surveillance file, it shall answer with an ATCR3S ca-a stz
message To indicate it is unable to comply with cthe reques:.

1681122 a7 exch fommacs - The forzats shall be as
sumarized herein: The formats are read as Zollows. Message bit numbers represenc
required field length, and are placed under cthe message formats. Field bic leng:ns

are in (') if required lengzh. Field bit lengths are in (' +) if minimm lengsn.
3it numbers, except 1, are lef: off any messages with che bit lengsh specified ==:is

way. Spare (zero) bits and data bits added to fields, may be used for field aligmmerns:
as long as the average overhead, cue o these bits. is not greater than 20 percen:.

The typecode assigmments for these messages are found in 3.4.8.12.2 and 3.4.8.12.6 3

-~ - - M
| Type code | requesting sensor | ATCRBS | Tange | az | .alcicude| RSID | SSID |
| (8 L_track number (12) ' code (12) ! (16} ({14} 110y 1 30y 1 ooy
l .
AT Track -
| CType code | requesting senscr | ATZRRS ! code con- |meas . |meas . !
] (8 Lsrack mumbes (22 ¢ coce 750N | fidence 712) |ranpe (16) laz, (161
1
| range | az. jaltitude jals. con- |Sime reference| RSID | SSID |
{_zate (8) iraze '8) 1 /19y _Sidemce /19N 18) L C10y 10N
AT z T3 me

The format shall be i{dentical to zhe ATTRES crack dacta message, but the type code
shall differ.

| Type code | requasting sansor | AICRBS code | RSID | SSID |
| L_Srack mumbes ' l ! ' |
1 8 ¢ pie] 32 33 42 43 52

AICR3S cancel request message

The format shall be idenzizal =2 =he ATIRES Zaca $I5p message but the tvpe code shall
differ.




czasks shall be routine .asks performed once a scan for each A;C?_S -a.v--e: wiss =sce
C. The roucime zask shall consist of checks to dezec: the need for caza exshz=ze
(fades, zenith come. see 3.4.8.11.2) and issuance of the appropriate ATCRRS za
request/cancel request message when conditions require. A second routine task s-a--
be the forwarding of an ATCRBS track data message for ATCRBS targets on wnich <ne
local sensor is providing data to a remote sensor. Nonroutine tasiks shall consis: cs
reacting  to messages incoming from a remote sensor or from another user. These
reactions consist of replying with the appropriate message and updating bookkeesins
files.

b ™ i85S .- For bookkeeping purposes the networ:
managemen: fanction shall add fields o che crack record of ATCRBS targets with moce
C capabilicy. In analogy with Mode S these fields are grouped in lists and labeles
(Table 3.4.8-5).

=aRYT 3 4 8-

AICRES NETWORK MANAGEMENT LISTS
e Field Definicy

Svmbol
Target Status List Target Track Status S
Request bit for fade TR
Request bit for zenich code TRR
Request bit for other user IR

el el

In-list *First sensor ID
*Flag for active use r

- e

Out-list *Firsc sensoer ID ’ - 4
*First sensor remote .
track number - _ 12

*Repeated for additional sensors as needed.

Bits TR, TRR, IR allow the local sensor to store the reason for which it requested
external data. When the local sensor receives ctrack data from a remote sensor, it
shall store the ID of the sender in the in-list. When the local sensor is able to
comply to a data request from a remote sensor, the ID of that destination shall be
stored in the out-list, and used to issue track data every following scan. Also in
the out-list is cthe track number for the target with respect to the requesting
sensor. The track data message shall repeat this number to allow easy associated of
the data to the track at the receiving senscr. Flag IF shall indicate whether the
track data are actively used by the local sensor. '

24681162 Handling of ATCRBS data exchange messgges.- This section describes the

action taken at receipt of any of the ATCRBS messages listed in 3.4.8.11.3.
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3. 6.8 31 4. 2.1 Acrion for th eguest me e.- The receiving sensor
shall search through its local surveillance fiie to identifv the corresponding =rack
Dased on a simple association check. If no such track or several Such =racks are
found. an ATCRBS data stop message shall be issued. If one and only one =Track was
found, the sender ID and the track mumber shall be writsen in the out-lis: anc. a-
ATCRBS data start shall be issued. The association check for unique ATCRBS wizh <0%4
code consists of matching that code against the local list of ATCRBS codes in an
attempt to uniquely identify a local track. If several rracks with matching code are
found, the unique track which lies within ADIS e 29 (28 - 210, 28) Ru of che g . &
position specified in the ATCRBS data request message (after coordinate conversion.
3.4.8.8.5) shall be selected. For nommique ATCRBS, the association is based firss on
position and then on code as follows: a sector is identified based on the 3 moso
significant bits of the coordinate comverted azimuth. That sector, plus one preceding
and one following, are searched and the single track with matching code and wizhin
distance ADIS of the position in the data Tequest shall be selected. As before, i<
none or several ctracks are found, no association shall be made.

.6.8,11.6.2.2 aczion for = .» The receiving sensor shall
check if TR or TRR or IR equals one. If noc, it shall issue an ATCRBS cancel request
message. Otherwise, the sender ID shall be written in che in-list of the track record
whose number is given in the message. A check shall be made in the in-list to see if
track data are already being received from another sensor for the sane target (IFel).
1f so, the IF flag of the sender of the new daca start shall be set to 0 and the
report suppressed. Otherwise, the IF flag shall be set equal to 1 and action taken as
in 3.4.8.11.4.2.3.

26,8711 4219 T ) .« If IF=0, the message is
ignored. If IFsl, it is further considered, If request bit TR=1 or if TRR=l and track
status S#S,, the report is coordinate-transformed (3.4.8.8.5) and forwarded to the
ATCRBS track data processing function. If IR=l, the report is forwarded to the
requesting user. If S5=59 but TRR=1, the report shall be coordinate-comverted and
stored in the zenith cone data buffer.

4.8.11.6.2.4 .« If the local sensor is scill
requesting data (TR=l or TRR=l or IRel) and if the sensor sending the daca stop
message has its IF flag=l, then the in-list shall be checked for the presence of the
ID of a second sensor with irs IF flag set to 0. If found, the IF flag of the second
sensor is set to 1. The ID and IF flag of the sender of the data stop is erased from
the in-list (if present).

6. 8.11.4.2.5 accion for ATCRRS c .- The action consists of
emptying the sender ID field in the out-list of the track record.
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36835 426 accion for AJCRBS daca request/cancel from amocher user.- The sensor

snall sec or reset the IR-bit in che target status list and issue an ATCR8S daca
request or ATCRBS cancel request message to the appropriate sensor, unless
overwritten by a fade or zenith come condition (i.e., a request had alreadv Dbeen
issued or no cancel should be issued because data are still wanted for o<her

reasons).

L 1 »*, -
3.4.8.12.1 Purpose.- The purpose is to route incoming messages to the apprapriate
subsystem (network wmanagement, sensor performance monitoring or data-link

processing). On one class of messages, acceptance tests shall be performed.
Additionally, message routing management shall direct the dissemination of air-
iniciacted messages and perform certain tasks in support of non-ATC users of the data
link. The block diagram shown in fig. 3.4.8-5 specifies the general flow of messages
handled by the message routing management function.

3.6.8.22.2 Ioputs.- The inputs processed by the rules of 3.4.8.12.5 shall include
the following messages:

(a)

(®)

Lype Code
ATC-to-Sensor Uplink Messages

Name

0010 0001 Tactical Uplink Message (to a Mode S aircraft)
0010 o0l0 EIM Uplink Message (to a Mode S aircraft)

0010 0011 Request for Downlink Data (from a Mode § aircrafc)
0010 0100 ATCRBS ID Request (to a Mode § aircraft)

0010 0101 Uplink Message Cancellation Request (of a previous

Dessage)

ATC-to-Sensor Status/Control Messages

0110 0001 Test Message (to a Mode S sensor)
0110 o101 Sensor Failure/Recovery Message

1001 1001 ATC Failure/Recovery Message

1001 1010 Mode S Aircraft Control State Message

(¢) Sensor-to-Sensor Network Control Messages

1001 0001 Data Start

1001 0010 Data Stop

1001 o011 Data Request

1001 0100 Track Data

1001 0l01 Cancel Request

1001 1101 Primary Coordination Message
1001 1110 Track Alert Message
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(d) Sensor-to-Sensor Status Messages

0111

0111 0010

0111

0001
0011

Sensor Status Message (routine)
Sensor Status Request (about third sensor)
Sensor Status Response (about third sensor)

(e) Sensor-to-Sensor ATCRBS Data Exchange Messages

1101
1101
1101
1101
1101

0001
0010
0011
0100
0101

ATCRBS Data Start
ATCRBS Data Stop
ATCRBS Data Request
ATCRBS Track Data

' ATCRBS Cancel Request

(£) ATC-to-Message Routing Management

0000

0010

Data Link Capability Request

(g8) NON-ATC-to-Sensor Uplink Messages (from non-ATC User)

0010
0010
0010
0010
0010

1001
1010
1011
1101
0100

Tactical Uplink

EIM Uplink

Request for Downlink Data
Megsage Cancellation Request
ATCRBS ID Request

(h) NON-ATC-to-Message Routing Management (from non-ATC User)

0000
0000
0000
0110

.Note: The Uplink messages and the Data Link Capabili:y Request received via the
NON-ATC user have the same datd contents as the corresponding ATC-to-Sensor

1010
1000
1001
0001

Data Link Capability Raquest
Raquest for Aircraft State
Request for Aircraft Position
Test message (to a Mode S sensor)

messages. Data contents for the remaining NON-ATC messages

3.4.8.12.5.3,

Other inputs are

the outgoing messages generated by various sensor software

functions. They are discussed further in 3.4.8.12.6.

given in
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2.6.8.12.3 0utpucs.- Except for those messages addressed to the message routing
management itself (3.4.8.12.5.3), the outputs from the processing described in
3.4.8.12.5 shall include the same incoming messages, appropriately routed within the
sensor. Additional outputs include a message rejection/delay notice that can be
issued to the sender (3.4.8.12.5.2), a test response message, and several other
messages for non-ATC users only (3.4.8.12.5.3). All outputs from the processing
described in 3.4.8.12.6 are described in 3.4.8.12.6.3.

3.4.8.12.4 Message tvpe code.- The message type code specified in 3.4.8.12.2 allows
the message routing management function to recognize the destination by reading the

type code.

2.6,812.5 Rules of operation.- The type code shall be read and action taken
accordingly. Figure 3.4.8-5, shows which messages (prefix of type code is indicated
on the arrows) are sent to each subsystem by message routing management.

4.6.12.5.1 Ceneral message routing function.- For all wmessages not specifically
discussed in 3.4.8.12.5.2 or 3.4.8.12.5.3, the message shall simply be transferred to
the appropriate buffer, based upon the type code.

3.4.8.12.5.2 Messages to data link processing.- For messages to the data link
processing function (prefix 0_010) , acceptance testing shall be performed as follows:

(a) If no track entry exists in the surveillance file for the Mode S target
addressed, the uplink message (of any kind) shall be dropped and a message
rejection/delay notice issued to the sender (ATC facility or other data link
user). The content of the message (Qualifier field) shall indicate the reason
for the rejection: "target not on file".

(b) If the message is of the type ELM uplink and the data link capability field
(CA) on file indicates that the target does not have EIM capability, the
message shall be rejected with the rejection notice qualifier indicating the
reason, “target lacks EIM capabiliry". Uplink EIM capability is indicated by
the presence of a code value of 010 or Oll in the CA field, as defined in the
‘Mode S National Standard.

(¢) 1If the message is of the type EIM uplink and the sensor priority status PS
has the value § for the aircraft addressed, the message shall be rejected

with the rejection notice indicating the reason: "sensor not primary".

If, in this case, the rejected EIM uplink had been sent by a non-ATC
user, the rejection notice shall be of the ¢type "Message Rejection
Notice with sensor IDs" (ctype code 0011 100l1). This notice format has
two fields in addition to those of the rejection notice to an ATC
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facility. These.are sensor ID fields (SIDl and SID2, each 10 bits on external
ground links, and 4 bits otherwise, see 3.4.8.2.2(e)). Values shall be
assigned by reference to the Target Status List of the aircraft addressed.
The ID code of the highest-priority adjacent assigned semsor, if any, shall
be entered in SID1, and that of the second-highest-priority adjacent assigned
sensor, if any, in SID2. If there are fewer than two adjacent sensors
assigned, the corresponding SID fields shall contain all zeroes. The notice
shall be addressed to the sender of the EILM uplink.

(d) No further action is taken for a message which is rejected in any of the
preceding tests., Otherwise, the message is accepted and placed in the input
message queue for further handling.

(e) For each accepted message, the track state § of the target addressed is
examined. If the S=5,, there is no further action. Otherwise, a
rejection/delay notice is issued with the qualifier indicating the reason:
"target not in roll-call mode".

For all messages put in the imput queue, the message routing management function
shall append to the message the storage location of the Mode S target entry in the
surveillance file.

When an uplink message cancellation request is received, action shall differ slightly
according to type code. However, in all cases, a search shall be made through the
input message queue of the data link processing function to identify the message to
be canceled (by matching Mode S ID, message mumber). If it is found, it shall simply
be erased. If it is not found, the uplink message cancellation request is added to
the input message queue for further consideration by data-link processing.

2.6.8.12.3.3 Other message routing tasks.

The receipt of a data link capability request message from either an ATC or a non-ATC
user shall result in the retrieval of the capability field (including basic and
extended capability data as applicable) from the surveillance file for the referenced
Mode S address. A data link capabiliry messags shall be formatted and sent to the
requesting facility. If the Mode S address is not on file, a message rejection/delay
notice shall be issued to the sendar, as in 3.4.8.12.5.2(a).

A message of the type “tast®" (prefix 0110) shall not be routed to the performance
monitoring function. Instead, it shall result in the generation of an output message
of the type “test response”, whose format is defined in FAA-RD-80-14. The test
response data in this message shall be a duplicate of the test data in the received
message. The test response message shall be addressed to the sender of the test
message and placed in the ayproprutc output buffer.

WVhenever a Mode S track drop motification is received from the surveillance
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processing function (3.4.6.10.4.1), & Track Drop Message shall be generated. This
message (type code 0100 1011) contains the following data fields:

Mode S Address
siDl
SID2

SID1l and SID2 shall be assigned as in 3.4.8.12.5.2 (SIDl and SID2, each 10 bits on
external ground links, and 4 bits otherwise, see 3.4.8.2.2(e)).. The message shall be
addressed to the non-ATC user, :

Receipt of a Request for Aircraft State message shall result in the generation of an
Aircraft State message addressed to the sender. The Request (type code 0000 1000)
contains one data field: the Mode S Address. The response message (type code 0100
1110) contains the same Mode S Address and an additional field, A/C State. The value
of A/C State shall be determined by reference to the Target Status List of the
aircraft addressed, and shall express one of the following conditions:

A/C not on file

4/C on file, but not in track state §; (full track)
A/C in track state S;, controlled primary

~A/C in track state S;, controlled sec

A/C in track state S;, uncontrolled primary

A/C in track state S;, uncontrolled secondary

Receipt of a Request for Aircraft Position message shall result in the generation of
an Aircraft Position message addressed to the sender. The Request (type code 0000
1001) contains one data field: the Mode S Address. The response message (type code
0100 1111) contains the same Mode S Address and the following additional fields, to

be assigned by reference to the Target Status List and the Surveillance File of the
aircraft addressed:

(1Y A/C State, as defined for the Aircraft State mesgage;

(2) A/C Range, one-wsy measured range in nautical miles, truncated to 10 bits
(MSB = 128, LSB = 0.25);

(3) A/C Azimuth, measured azimuth in degrees, truncated to 12 bits (MSB = 180,
LSB = 0.088);

(4) A/C Range Rate, predicted one-way range rate in nautical miles/sec, truncated
to 6 bits including sign (MSB = 0.2, LSB = 0.0125);

(5) A/C Azimuth Rate, predicted azimuth rate in degrees/sec, truncated to 8 bits
including sign (MSB = 2, LSB = 0.031);

(6) Altitude, 12-bit Mode C altitude in hundreds of feet (as reported in
Surveillance Message).

Receipt of an ATC Failure/Recovery Message announcing failure shall result in the
setting of an appropriate flag, for the use of other semsor fumctions. This flag
shall be reset upon receipt of a message announcing recovery.
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3.4,8,12.6 Sensor output message handling.- As indicated in fig. 3.4.8-5, output
messages generated by the various sensor functions may be placed directly in a buffer
accessible to another internal fumection, or in an ocutput buffer if they are addressed
to a specific externmal facility, without further intervention by message routing
management except as noted in 3.4.8.12.6.2. » ,

Messages with a general (all zeroces) external address shall be processed further to
determine the appropriate dissemination. These messages include the following types
(when not generated in response to a specific user request): Status, Sensor Recovery,
Pilot dowmlink, Ground-initiated downlink, Broadcast downlink, EIM downlink, ATCRBS
ID notice, Data link capability, Track alert, and Track drop. Each of these messages
shall be processed to determine dissemination first to ATC facilities (3.4.8.12.6.1)
and then to non-ATC users (3.4.8.12.6.2). '

3.4,812.6.1 Dissemination to ATC facilities.- Messages of the types Status, Sensor
Recovery and Track alert shall be addressed for dissemination to every comnected ATC
facility. Messages of the type Track drop shall not be sent to any ATC facility.

Messages of the types ATCRBS ID, Data link capability, Ground-initiated downlink,
P{lot downlink, Broadcast downlink, and EIM downlink shall be disseminated according
to the position (range, azimuth, and altitude) of the referenced aircraft, using the
same rules and procedures which apply to the dissemination of surveillance data
(3.4.6.14.3).

3.4,812.6,2 Dissemination to non-ATC users.- Messages of the types Data link
capability, Sensor Recovery, ATCRBS ID, Track alert, and Track drop shall be sent to
the non-ATC user address (to be provided as part of site adaptation). Messages of the
type Status, shall not be sent to the non-ATC user.

Messages of the types Pilot downlink, Broadcast downlink, Ground-initiated downlink, .
and EIM downlink shall be disseminated without regard to-aircraft position. According
to the value of a site-adapted parameter defined for this purpose, such messages
shall be sent in either of two forms: urmodified or with position data appended.
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If position data are. to be appended, the message shall be modified by changing its
type to Pilot Downlink with Position (type code 0100 1001) Ground-initiated Downlink
with Position (type code 0100 1100), Broadcast Downlink with Position (type code 0100
1000), or EIM Downlink with Position (type code 0100 1010), and appending six
additional data fields. These fields are A/C State, A/C Range, A/C Azimuth, A/C Range
Rate, A/C Azimuth Rate, and Altitude, and they shall be set as specified for the
Aircraft Position message (3.4.8.12.5.3).

Ground-initiated downlink messages containing a specific (non-zero) sender ID which
identifies a non-ATC facility shall be sent to that facility only. However, such
messages shall have aircraft position data appended, or not, according to the
procedure defined above for messages with general (all-zeroes) sender ID.

w&m&ﬂm.- The following list gives all the sensor output
message types with their type codes. Whenever appropriate the list identifies the
output buffers (as shown in fig 3.4.8-5) into which the message may be placed, either
by the originating function or by message routing management:

(a) Output messages from the performance monitoring function (3.4.10.3.2).

Iype Code Name

0lll 0001 Status message to adjacent sensor (buffer B)

0111 0010 Status message request (about third semser) (buffer B)
011l 0011 Status message response (about third sensor) (buffer B)
0110 0100 Status message to ATC (buffer A) . ‘
0110 1111 Sensor recovery notice message (buffer A, C)

(b) Output messages from data-link processing (3.4.7.3.3).

0100 0010 EIM downlink (buffers A, C)

0100 0101 ATCRBS ID notice (buffers A, C)

0100 0001 Pilot downlink (buffers A, C)

0011 0010 Uplink message delivery notice (buffers A, C)
0011 0001 Mesgsage rejection/delay notice (buffers A, C)
0011 1001 Message rejection notice with senmsor ID (buffer C)
0011 0100 Data link capability message (buffers A, C)

0100 0000 Broadcast downlink (buffers A, C)

0100 0100 Ground-initiated downlink

(e) Output' messages from message routing management.

0011 0001 Message rejection/delay notice (buffers A, C)
0011 1001 Message rejection motice with sensor ID (buffer C)
0011 0100 Data link capability (buffers A, C)

0110 0010 Test response (buffer A)

0100 1011 Track drop message (buffer C)

0100 1110 Aircraft state message (buffer C)

0100 1111 Aircraft position message (buffer C)

0100 1001 Pilot downlink with position (buffer C)

0100 1010 EIM downlink with position (buffer C)

0100 1000 Broadcast downlink with position (buffer C)

0100 1100 Ground-initiated downlink with position (buffer C)



FAA-E-2716 & AMEND.-2 -340-
SCN-17 (Change 23)

(d)

Output messages- from network management (3.4.8.4 and 3.4.8.11.3).

1001 0001 Data Start (buffer B)

1001 0010 Data Stop (buffer B)

1001 0011 Data Request (buffer B)

1001 0100 Track Data (buffer B for adjacent sensor; buffer A for
requesting user of netted data)

1001 0101 Cancel Request (buffer B)

1001 1101 Primary Coordination Message (buffer B)

1001 1100 Track Alert Message (buffer A, C)

1001 1110 Track Alert Message (buffer B, for sensor to sensor)

1101 0001 ATCRBS Data Start (buffer B)
1101 0010 - ATCRBS Data Stop (buffer B)
1101 0011 ATCRBS Data Request (buffer B)
1101 0100 ATCRBS Track Data (buffer B)
1101 0101 ATCRBS Cancel Request (buffer B)

(e) Output messages from surveillance processing.

4

Surveillance reports for Mode S, ATCRBS and
radar targets (buffer D)

4 .= Output messages for ATC and non-ATC, shall éontain

8-bit message number fields as defined in FAA-RD-80-14. These fields shall be set as

follows:

(a)

(b)

(c)

For messages which are responses to uplink messages (rejection and delivery
notices), the field contains a referenced message mmber. The field shall be
set equal to the value in the message mmber field in the corresponding
uplink message. The message mmber field shall also be set in this mammer for
the following types of message: tactical downlink and tactical downlink with
position (when gemerated in response to a request for downlink data), test
response, aircraft state, aircraft position, ATCRBS ID Code (when response to .
an ATCRBS ID request), and data link capability (when generated in response

to a capability request).

For other messages referring to a Mode S aircraft (except track alert), the
message mumber shall be set to 128. This supersedes the message mumbering, as -
specified in FAA-RD-80-14, for messages from the sensor.

For all other messages containing a message mmber field (i.e., track alert
and messages without a Mode S address field), the message rmber shall be set
to 128.
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3.,4.9 (Not used.)

This space not used intentionally.
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3.4.10 Performance monitoring.

3.4.10.1 Description.- This function monitors semsor operation through checks
performe using:

(a) The Calibration and Performance Monitoring Equipment (CPME).
(see Appendix VIII).

(b) Adjacent sensor data (transmitted and received via sensor/ATC
communication ports). '

(¢) Sensor hardware.

(d) Sensor software.

Performance monitoring tests shall be performed in such a manner that an
indication of the failed lowest replaceable unit (LRU) shall be contained in
the sensor status message (see FAA-RD-BO-14). In addition to the parameters
specified in the following subparagraphs, sufficient information shall be made
available to the performance monitoring function to enable it to identify a
faulty LRU for 902 of all possible failures.

When redundant elements are employed to achieve the required reliability,
back-up elements shall be tested to the same extent as the operational
elements without degradation or disruption of sensor operation. The failure of
2 back-up element shall be reported in the sensor status message.

Monitors required for sensor hardware measurements are specified in 3.4.10.2.
Section 3,4.10.3 specifies cthe software function required to implement the
performance monitoring function. A performance monitor display and a
maintenance 1/0 device are required for each sensor as specified in 3.4.10.4
and 3.4.10.5. Requirements for interoperation with the FAA remote maintenance
monitoring system (RMMS) are specified in 3.4.10.6.

Performance monitoring shall provide all of the sensor status information
needed by the RMMS to support the maintenance concept contained i{n Appendix X.

3.4.10.2 Hardware monitors.- The purpose of these monitoring functions is to

provide an indication of sensor hardware status beyond the full loop check
performed via the CPME's. The itewms monitored shall include but not be limited
to: (a) transmitter peak forward and reflected power, (b) receiver RF to
video transfer characteristics and noise levels, (¢c) monopulse off-boresight
indication signals for simulated test target imputs, and (d) ATCRBS and Mode §
processor outputs. Systea clock status (3.4.13) and azimuth register status
(3.4.4.7.1) are received for entry in the status buffer, The status of the
communications subsystem and the sensor status snd alarm panel shall also be
monitored.

3,4,10.2.1 On=line transmitter/receiver monitor.=- Figure 3.4.10-1 is a block

diagram of the on-line monitor. The datas acquisition portion shall consist of
an analog multiplexer that connects one of the several test points to a
sample-and-hold circuit and an A’D converter. The digitized data for a
complete monitor cycle shall be processed and transferred to the sensor
computer under control of the performance monitor function.
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For receiver monitoring, an RF pulse generator shall be coupled into the three
antenna lines: sum, difference and omni. On a noninterfering basis, a single ctest
pulse of amplitude, approximately -50dBm, shall be discributed to three injection
peints. In addition, Mode A and Mode S replies derived from the test target generator
(3.4.14) shall be injected to test the standby charmel receiver functions. A switceh
shall be provided to terminate the coupler imput to the difference channel for the
duration of a test pulse. The intercomnection of the on-line monitor with the RF
receiving system is shown in Fig. 3.4.2-3.

3.4102.2 Monitor interface. The monitor shall interface with the operational
sensor equipment at the following points:
(a) Inputs:

Main transmitter forward and reflected peak power

SLS transmicter forward and reflected peak power

Sun video

Auxiliary sum video

Omni antenna video

Off-boresight video

Control from modulation control consisting of interrogation type
(Mode S or ATCRBS), and Mode S power program (normal or high)

Synchronization pulse at transmit time from modulator control

Real-time clock status (3.4.13.4)

Azimuth register status (3.4.4.7.1)

Test target generator status (3.4.14)

Commmications subsystem status (3.4.10.2.4)

Status and alarm panel (3.4.10.2.5)

Computer status (3.4.10.3.5.7 and 3.7.2.4(f))

RMMS interface (3.4.10.6)

CW interference azimuth(s) (3.4.3.2.5.1)

(b) Qutputs:

Sum test signal to RF coupler in sum anterma line

Omni test signal to RF coupler in omni anterma line

Difference test signal to RF coupler in difference anterma line
Sensor hardware status message

RMMS

Data extraction

TG

The RF signal paths to the sum and difference couplers shall be Zero-phase balanced
to + 4°. The ctest signals (from the RF Pulse Generator) shall simulate two target
azimuths: (a) on boresight (A = 0) and (b) off-boresight at the sum and difference
crossover points (A=3).

The forward and reflected sum and omnidirectional transmit power monitoring shall
have sufficient resolution to detecr a 0.1 change in VSWR at the sensor RF port, and
accuracy to measure VSWR to + 0.2 with a 95% confidence level, over a 10dB variation
in transmit power and over a VSWR range of 1.1:1 to 1.8:1.
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. .- Timing for monitor operation shall be derived
from a cransmission time pulse (TTP) issued by modulation control. Over a sequence of
transmissions, the monitor shall automatically cycle cthrough the required
measurements at each test point. The corresponding buffer shall be updated by the
most recent measurement of its type. A cycle of measurements shall be initiated each

time the buffer is read by the sensor computer.

For transmitter forward and reflected powsr monitoring, the sampling strobes are
delayed from TTP so as to sample P; on the main cCransmitter and P; and P on the SLS

transmitter. For receiver monitoring, a pulse shall be injected so as to fall into an
interval free of transmitter leakage, e.g., 5 us after the Py of an ATCRBS
interrogation. The video outputs of the standby charmmel shall also be sampled for
noise level in the absence of injected signals. At least 32 noise samples per scan
shall be used to compute the average. At least 128 (32-256, 32) samples of the
boresight and crossover (A=I ) monopulse video shall be used to compute the average

each scan.

3.4,10,2,6 Commmication subsystem monitor.- The items to be monitored for the
communications subsystem shall include but not be limited to:

Receipt of an unrecognizable message type

Commmications buffer overflow condition - Commmications

Commmications buffer overflow condition - Surveillance

Modem failure - Commmications

Moder failure - Surveillance

loss of intersensor commmications and site mmber.

Identity of failed commmication line.

Communication (TELCO) line error detection (e.g. availabilicy, data
transfer error rates, error types).

34,1025 Status and alamm panel.- Abnormal temperature conditions detscted by the
status and alarm panel (3.11.2.5) shall be reported to the performance monitoring
function.

3,4,10,2.6 Data format.- One entry in the buffer shall be allocated for each item.
The resolution shall be sufficient to observe a 10 percent deviation from the lowes:
nominal level at each test point, and so that a 0.1 change in VSWR at the sensor RF
port can be detected from the messured transmitter forward and reflected powers. The
data items shall {nclude but not be limited to:

Main forward and reflected transmittar powers for ATCRBS

SLS forward and reflected transmitter powers for ATCRBS

Main forward and reflected transmi-ter powers for normal Mode S

SLS forward and reflected transmitter powers for normal Mode $
Main forward and reflected transmitter powers for high-power Mode §
SLS forward and reflected transmitter powers for high-power Mode §
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Sun charmel video signal

Auxiliary sum charmel video signal

Sum charmel video noise (valid only for standby charmel)
Delta charmel video signal

Delta charmel video noise (valid only for standby charmel)
Omni chanmal video signal

Omni charmel video noise (valid only for standdby charmel)
Off-boresight indication signal for & =0

Off-boresight indication signal for A= 2

Systam clock status

Azimith register scacus

Status and alarm panal status

Commmications status

Test target generator Cest stactus

CW interference azimuth(s)

The dasign shall ensure that dsta will be used only once and that residual data
camnot be interpreted as new values. All zeros shall not be valid data valus.

3.6.10.3 Performance monitor softwars.- The purpose of the performance monitor
software is to continmuwously check the operation of the sensor and generate
appropriats status pessages dapending upon the results of this check. The
inpucs, outputs, and tasts performed are specified in 3.4.10.3.1 ©o 3.4.10.3.6.
The decision algorithm that uses test results to declare sensor status is
specified in 3.4.10.3.7.

Paramecer values specified herein for the frequancy of occurrence of each of the
chacks and ths decision points for declaring marginal operation, or failurs, are
nominal valuss. The performance monitoring function shall be implemsntad in such
a way that these valuas may be sasily modified.

26,1031 Inpyuts.- Inputs to the performance monitor function shall includs,
but not be limitad to, the following: - .

. (a) CRE originated impucs:

S All-Call reports
S target reports
CRBS target rsports
S downlink messages

4

]

(®)

E

Main transmittsr forward and reflscted power outputs for ATCRES,
Mode S low power and Mods S high power.

OCmri transmaitter forward and reflected